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UNDERGRADUATE SYMPOSIUM ABSTRACTS
vulvar pain using the contact allergen oxazolone. Here, we
show that repeated oxazolone challenge produces
persistent vulvar mechanical sensitivity in sensitized ND4
mice for 17 days after the final allergen exposure, with
minimal influx of inflammatory cellular mediators or
increases in inflammatory cytokine transcripts. T, B, and
mast cell amplification in the draining iliac lymph nodes
resolves within 5 days after final challenge. However,
while increases in levels of skin-resident memory CD4 and
CD8 T cells persist through 21 days after 10 oxazolone
challenges, CD25hi regulatory T cells are elevated only one
day following 10 challenges. Levels of T cell transcription
factors T-bet and Foxp3 also remain elevated in the labia
of oxazolone-challenged mice through 21 days post-final
challenge. This is the first rodent model of long-lasting
vulvar pain in the absence of overt inflammation, and it
can be used to dissect the mechanisms regulating
inflammatory pain in subsets of vulvodynia patients.

CELLULAR AND MOLECULAR
BIOLOGY
EFFECTS OF Rap1 ACTIVITY ON TWO
INTEGRIN-DEPENDENT FUNCTIONS IN
MADIN-DARBY CANINE KIDNEY (MDCK)
CELLS
Matthew Anderson and Jennifer L. Cruise (Advisor)
Department of Biology
University of St. Thomas, St. Paul, MN
The Rap1 GTPases have been established as having a role
in integrin-mediated cellular processes, though their
specific function may be dependent upon the cell type. To
assess effects on cell motility and survival, both integrinmediated processes, in a mammalian model, Madin-Darby
canine kidney (MDCK) cells were subjected to woundhealing and stress assays. These cells had previously been
stably transfected with constructs that altered expression
and activation of Rap1, using overexpression of either
constitutively active or dominant-negative forms. Initial
results suggested highly variable Rap1-dependent
responses, and we suspected that cultures were
contaminated by cells that were not expressing the Rap1
constructs. After being subjected to a selection bottleneck,
wound-healing and stress assays were repeated. Woundhealing assays consisted of making a series of scratches in
cell monolayers and measuring the rates of closure over
the course of three days. Survival assays measured caspase
activity after placing cells under glucose- and/or serumdeprivation stress. Wound-healing assays showed a
significant, Rap1-dependent response, with cells
expressing a dominant-negative form of Rap1 migrating at
a faster rate than controls, and active Rap1 significantly
slowing cell migration. Prior to the selection bottleneck,
stress experiments suggested a Rap1-dependent effect on
cell survival, and these are being repeated with the
reselected lines. These results should add to the body of
knowledge about Rap1, and help to clarify its role in the
cell biology of integrin-mediated events.

EXPRESSING AND PURIFYING A PUTATIVE
AMINOPEPTIDASE IN Cellulophaga lytica
Nellie Black and Joanna R. Klein (Advisor)
Department of Biology and Biochemistry
University of Northwestern–St. Paul, St. Paul, MN
Exploring alternative ways of harvesting energy is an
important research endeavor. This project focuses
specifically on microbial potential for biofuel production
by studying the marine bacterium Cellulophaga lytica. The
cellulase genes within this microorganism could be
utilized to produce ethanol from various cellulose-dense
materials. Computer annotation predicts that C. lytica’s
genome contains three of these valuable cellulase genes.
Upon investigation using bioinformatics, one of these
genes is suggested to function primarily as a glutamyl
aminopeptidase instead. A cellulose-degradation assay
using Congo Red staining confirmed this gene’s lack of
endoglucanase activity in vivo. This project focused on
expressing and purifying the expressed aminopeptidase
from Escherichia coli. We cloned the putative
aminopeptidase gene into an expression vector so that it
was fused with a histidine tag and transformed it into E.
coli. Correct orientation of the gene was confirmed by
PCR amplification. We induced expression of the protein
and isolated it through column purification. Purification
was assessed through SDS-PAGE and spectrophotometer
measurements. Results indicated successful purification of
the denatured protein. Future directions involve moving
forward with the purification of the native protein utilizing
the same process and then characterization of protein
activity through a specific glutamyl aminopeptidase
assay.

REPEATED CHALLENGE WITH THE CONTACT
ALLERGEN OXAZOLONE PROVOKES
REGULATORY AND RESIDENT MEMORY T
CELL ACCUMULATION IN THE LABIAR SKIN
OF PREVIOUSLY SENSITIZED ND4 MICE
Charlie Benck and Devavani Chatterjea (Advisor)
Department of Biology
Macalester College, St. Paul, MN
A history of allergies to insect venoms and seasonal
pollens has been epidemiologically associated with an
increased risk of vulvodynia, a condition of chronic vulvar
pain occurring in the absence of inflammatory or
infectious pathology. Our laboratory has previously
developed the first pre-clinical animal model of acute
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infected cells, are unable to enter B cell follicles. In effect,
this creates a viral reservoir that continues to seed infection
throughout a patient’s lifetime, and this is one reason why
HIV infection cannot be cured. Subsequent studies have
shown that the “key that opens the door” to B cell follicles
is the molecule CXCR5. It has been shown that
CXCR5+CD8+ T cells are able to enter B cell follicles. In
the future we would like to further study these cells and see
what can be done about manipulating them to enter B cell
follicles of HIV-infected human patients, possibly to
destroy this reservoir of virus. If cytolytic CXCR5+CD8+
are able to destroy reservoirs of virus, this could lead to a
possible method of curing HIV infection.

CHARACTERIZATION OF CADMIUM BINDING
IN METALLOPROTEIN II
Colleen Caldwell and Brandy Russell (Advisor)
Department of Biochemistry
Gustavus Adolphus College, St. Peter, MN
Nereis diversicolor, a marine worm, is unique in its ability
to survive in high concentrations of cadmium that would
be lethal to other organisms. Investigation into this
characteristic led to the discovery of metalloprotein II
(MPII), a member of the myohemerythrin family. The
affinity of MPII for cadmium makes it unique among the
myohemerythrins, which normally bind iron. MPII is thus
an interesting model for investigating protein-metal
coordination.
MPII
for
study
was
purified
from Escherichia coli containing a synthetic plasmid
coding for the N. diversicolor MPII sequence. As purified,
MPII contains iron, which is removed before exposing the
protein to cadmium, iron, or both. The binding was
measured using UV-Vis and ICP-MS. Structural changes
of the protein as bound to iron or cadmium were
determined through nondenaturing PAGE. Our data
suggest that MPII binds both iron and cadmium, with
higher affinity for cadmium. Results from nondenaturing
PAGE suggest that MPII may have structural variation
when it is bound to cadmium versus iron.

RESVERATROL ATTENUATES ALTERNATIVE
MACROPHAGE ACTIVATION BY IL-4 AND LPS
Ruth Eckel and Joyce Doan (Advisor)
Department of Biology
Bethel University, St. Paul, MN
Resveratrol, a naturally occurring polyphenol, possesses
well-documented anti-inflammatory properties. Previous
studies from our group and others demonstrate that
resveratrol significantly attenuates classical macrophage
activation by IFNγ and LPS. Based on these data we
hypothesized that a decline in classical macrophage
activities would be associated with an augmentation of
alternative macrophage functions. The present study
aimed to investigate the ability of resveratrol either alone
or in combination with IL-4 and/or LPS to induce or
potentiate markers of alternative macrophage activation.
Specifically, RAW 264.7 cells or murine bone marrowderived macrophages (BMM) were stimulated
individually or in tandem with IL-4 and LPS, in the
absence or presence of a 2-hour resveratrol pretreatment.
Surprisingly, resveratrol pretreatment was found to
attenuate arginase production when IL-4 and LPS were
added alone or in tandem (p<0.001). However, in spite of
the seemingly broad downregulatory capabilities of
resveratrol in RAW 264.7 cells and BMM, these
observations did not extend to analysis of cytokine
production in RAW 264.7 cells by ELISA where IL-6
production was significantly impacted by resveratrol
pretreatment (p<0.05) but IL-10 and TNFα production
were not.

THE CHARACTERIZATION OF CXCR5+CD8+ T
CELLS IN MURINE LYMPHOID TISSUES
Carolyn Dunn, Jesse Galuk, Hannah Hodnefield, Amy
Parkinson, Kayla Stiernagle, and
Teresa Mattila (Advisor)
Department of Biology and Biochemistry
University of Northwestern–St. Paul, St. Paul, MN
We are interested in characterizing populations of
CXCR5+CD8+ T cells in lymphoid tissues. The study of
these cells is important for several reasons. Of immediate
interest is the fact that not much is known about these
cells. CD8+ T cells typically do not express the molecule
CXCR5, but recently, populations of CXCR5+CD8+ T
cells were discovered in human tonsils. It is hypothesized
that these cells regulate the function of self-reactive
immune cells and stimulate B cells to produce
antibodies. We would like to further characterize these
cells and see if they are located in other parts of the body,
and determine what other functions they might have. We
began our project by paraffin-embedding formalinpreserved spleens from uninfected mice. We cut the
embedded tissues into sections, placed them on
microscope slides, and stained them with antibodies
against CD8 and CXCR5. We will visualize these sections
microscopically
to
determine
localization
of
CXCR5+CD8+ T cells. Results are pending. This project
also has a more far-reaching goal. It is known that human
immunodeficiency virus (HIV) sequesters within B cell
follicles of lymphoid tissues. Studies have shown that
CD8+ T cells, which are programmed to destroy HIV-

RAP1A AND RAP1B REGULATION IN HUMAN
CANCER CELL LINES
Nina Elder and Jennifer L. Cruise (Advisor)
Department of Biology
University of St. Thomas, St. Paul, MN
The Ras-family small GTPases RAP1A and RAP1B are
known to act in cell adhesion, motility, and cell junction
formation, among other functions, but research has not yet
elucidated the expression control for these genes. While
these genes are known to produce conditional
oncoproteins and are upregulated in a variety of cancers,
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both their basal promoters and proximal and distal
regulatory elements remain uncharacterized. Previous
analysis of native expression, using qRT-PCR, has shown
Saos-2 osteosarcoma cells to be one of the strongest
expressers of RAP1B, while LNCaP weakly expresses
both genes. These cell lines were used to analyze possible
regulation in this experiment. Using promoter-less GFP
reporter constructs, transient transfection, and qRT-PCR,
the proximal promoters for genes were determined and
possible upstream negative and positive regulatory
elements were identified. Three possible distal regulators
have been previously cloned, and their actions are being
characterized. It was determined that a sequence upstream
of the transcription start site of RAP1A acts in a negative
regulatory manner. Interestingly, RAP1B proximal
promoter constructs did not function well in Saos-2 cells,
although they drove GFP in other cell lines, which
suggests native high expression in Saos-2 cells may be
controlled by distal elements.

PROTEIN CHANGES ASSOCIATED WITH RAPID
WINTER RECOVERY IN WHITE PINE (Pinus
strobus) AND WHITE SPRUCE (Picea glauca)
DURING EARLY WINTER CONDITIONS
Julia Frebault and Amy Verhoeven (Advisor)
Department of Biology
University of St. Thomas, St. Paul, MN
Photosynthesis, the process used by plants to convert solar
energy to cellular energy, cannot be accomplished in cold
temperature conditions. While most plant species lose their
leaves during the winter, evergreens retain their needles,
risking cellular damage due to continuous incoming solar
energy. It is proposed that a rearrangement of
photosynthetic proteins occurs to achieve the goal of
energy dissipation to protect from harmful byproducts, and
as temperatures warm to summer, complexes are returned
to their productive state. However, in times of fluctuating
temperature during early winter (November), full
reconfiguration is not possible. Instead, a rapid change
mechanism, possibly altering protein status via reversible
phosphorylation of proteins, may accomplish necessary
brief energy dissipation. The goal of this project was to
investigate whether there is a correlation between rapid
recovery and phosphorylation of key photosynthetic
proteins. Specifically, this project studied the protein
dynamics associated with rapid November recovery in
White Pine (Pinus strobus) and White Spruce (Picea
glauca) trees. Through chlorophyll fluorescence (Fv/Fm)
measurements and Western Blot analysis, recovery was
monitored and protein phosphorylation status was
observed throughout a three-day recovery period. A rapid
reduction in phosphorylation of photosynthetic proteins,
specifically reaction center proteins, accompanied by a
rapid recovery observed through Fv/Fm measurements, was
observed. This supports the hypothesis that a rapid
photosynthetic recovery observed during early winter
(November) is accomplished through changes in
photosynthetic protein phosphorylation status. Further
study will involve comparing results to mid- and latewinter samples, in addition to investigating changes in
relative abundance of photosynthetic proteins.

CHEMOTACTIC RESPONSE OF Pseudomonas
putida F1 TO AROMATIC ACIDS
Kathleen Elert, Cory Jensen, Victoria Maksimova, and
Jayna Ditty (Advisor)
Department of Biology
University of St. Thomas, St. Paul, MN
Pseudomonas putida F1 is a common soil bacterium that
is capable of growth on a wide variety of carbon sources,
including sugars, amino acids, aromatic acids, and toxic
aromatic hydrocarbons. Studies with various P.
putida strains have shown that most carbon sources also
serve as chemoattractants. Methyl-accepting chemotaxis
proteins (MCPs) are the primary receptors that bind
chemoattractants, initiating signaling cascades that direct
the movement of bacteria toward chemical attractants. The
genome sequence of P. putida F1 revealed the presence of
27 putative MCP-encoding genes, and a few
receptor/attractant pairs have been characterized. This
study focused on expanding the repertoire of known
aromatic acids that P. putida F1 can utilize as a source of
carbon and energy and also respond to chemotactically by
testing the ability of this strain to respond to gallic acid,
homogentisic acid, shikimic acid, and p-coumaric acid.
Swim plate assays determined that these four compounds
are viable growth substrates and are chemoattractants
for P. putida F1. Preliminary data from chemical in-plug
assays indicate that chemotaxis of P. putida to these
chemicals is inducible. Demonstrating the attraction of P.
putida to these molecules is an important step in
identifying the cognate MCP receptors that detect these
chemicals.

CHARACTERIZATION OF CP43 AND PIF1
GENES IN Medicago truncatula
Nathan Henning and Betsy Martinez-Vaz (Advisor)
Department of Biology
Hamline University, St. Paul, MN
Medicago truncatula is a model organism used to study the
symbiotic relationship between plants and the nitrogenfixing soil bacteria Rhizobia. By studying the genes that
are involved in this symbiosis the goal is to transplant the
symbiotic relationship into agriculture staples (e.g.,
corn, wheat) that do not utilize similar symbiotic
relationships with nitrogen fixers. This would help
to reduce our reliance on nitrogen-based fertilizers. To find
plant genes that might be involved in regulating this
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relationship, a large-scale Genome Wide Association
Study (GWAS) was used. The purpose of this study was to
look at two of the genes found by this GWAS. One of these
genes codes for a PIF1-like DNA helicase, while the other
codes for a CP43 Chlorophyll Apoprotein. In order to
study and characterize these two genes, hairpin RNA
constructs (hpRNA) were inserted into M. truncatula to
reduce
expression
of
the
two
candidate
genes. HpRNA constructs were successfully inserted
into M. truncatula and they reduced expression of the two
candidate genes by 80-85%. We found that there were no
significant physical phenotype changes for height of
the plants or number of nodules on the plant roots in
comparison
with
unmodified
plants
for
either hpRNA construct. However, preliminary results
indicate that reduction of CP43 gene expression with
the hpRNA construct alters the strain of Rhizobia
that nodulates the Medicago roots. This indicates that the
CP43 gene may play some role in the strain specificity of
the symbiotic relationship between M. truncatula and
Rhizobia. Further research is being done using a CRISPR
construct that will eliminate rather than reduce gene
expression.

obstacles regarding IgE-inducing allergic responses and
the recognition of undesirable epitopes leading to nonprotective or even detrimental responses (such as Th1 and
smokescreen responses). The profiles of highly protective
humoral immunity along with the documentation of a
method for inducing these responses without the high risk
of allergic responses and unnecessary health risks for
target populations, offers a path forward for the
development of human hookworm vaccines that puts the
safety of those in endemic regions first. In addition,
epitope mapping to design a vaccine against a specific
sequence of amino acids, although more time consuming
from R&D to market, provides a level of knowledge about
the specific target of the immune response and nature of
the immune response (both detailed by this study) that is a
valuable tool in better predicting (and preparing for)
human immune responses.
STATUS OF THYLAKOID PROTEIN
PHOSPHORYLATION IN SUMMER-STATE
CONIFERS VS. WINTER-STRESSED CONIFERS
IN VARYING GROWTH LIGHT
ENVIRONMENTS
Jacob Jerrard and Amy Verhoeven (Advisor)
Department of Biology
University of St. Thomas, St. Paul, MN

DEMONSTRATING HUMORAL-BASED HOST
PROTECTION THROUGH THE DEVELOPMENT
OF EPITOPE-SPECIFIC, WELL-DEFINED, ANTIHELMINTHIC VACCINES
Bailey Houle and Jennifer Bath (Advisor)
Department of Biology
Concordia College, Moorhead, MN

During winter conifer species must expose their
photosynthetic centers to subfreezing temperature stress
and daily light fluctuations while dormant. Vital photoprotective mechanisms regulate light absorption to prevent
damaging reactions. One such method includes reversible
phosphorylation of light-harvesting proteins (LHCII) in a
process called state transition, which has been described in
summer (but not winter) conditions. We asked: (1) How is
light-dependent phosphorylation of photosynthetic
proteins different in wintering conifers versus summerstate conifers? (2) Are the phosphorylation states of these
proteins dependent on growth light environment? To
address this, winter and summer samples were collected
from three conifer species in dark, low, and high light
conditions from both south and north (self-shaded) tree
sides. Via thylakoid isolation, separation via SDS-PAGE,
and immunoblotting with anti-phosphothreonine, a
visualization of phosphorylation status was developed for
light intensity and growth-environment comparisons.
Expected phosphorylation changes occurred in all summer
samples with low phosphorylation in darkness, increased
LHCII phosphorylation in low light, and a LHCII
phosphorylation decrease in high light. Generally, winter
samples maintained a phosphorylated status and showed
no relative change with light intensity, suggesting the
system may be in a frozen photo-protective state or protein
turnover may be limited by the frigid conditions. However,
winter north-facing needles overall had much stronger
phosphorylation signals then their south counterparts,
possibly explained by north needles’ requiring a more
permanent low light configuration for maximal efficiency

Intestinal hookworm infections affect nearly 600 million
people worldwide, yet very little is known about the details
of host protection against these infections. This is, in part,
due to the fact that natural immunity against hookworm
does not protect against infection. Another confounding
variable in understanding protective host immunity is the
fact that hookworm larvae have the documented ability to
skew the host's immune response in favor of their survival,
by the secretion of immunomodulatory proteins. Despite
generating powerful humoral responses from their hosts,
these larvae do not evoke a protective immunological
response, but, in fact, suppress it. For several reasons,
efficacious vaccine development is currently in the
spotlight for promising long-term reduction of human
hookworm infection, but its success depends on scientists’
ability to understand parasite-induced immunomodulation
and the nature of host-protective humoral immune
responses that reduce the spread of infection. This study
details the pre-clinical results from a peptide-based antihookworm vaccine, and novel trends in peptide
generation, such as peptide linker or bivalent peptides, that
can be used to enhance the promising findings. We provide
evidence to demonstrate that, in a murine model, hostprotective responses are humorally mediated and can be
protective while still directed at a single epitope. These
findings significantly reduce current concerns and
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in self-shaded low light levels. This project is still
underway with a final set of replicates to be examined.

impulsivity and aggressive behavior in canines. We are
comparing the hybrids’ DRD4 intron 2 sequence with the
wolves' and coyotes' parents to investigate the phenotypic
neurology and neurobehavioral of these hybrids. Further
studies assessing behavior may shed light on whether these
phenotypic differences provide a heterozygote advantage
for these hybrids.

GENETIC AND PHENOTYPIC
CHARACTERIZATION OF WOYOTES: AN
EXPERIMENTAL HYBRIDIZATION OF
WESTERN GRAY WOLF WITH WESTERN
COYOTE
Andres Kiana, Paula Croonquist (Advisor),
Jennifer Braido (Advisor), and
Scott Danneman (Advisor)
Department of Biology
Anoka Ramsey Community College, Coon Rapids, MN

In vivo BISPHENOL-A EXPOSURE AND HIGHFAT DIET MODULATES MURINE INNATE
IMMUNE RESPONSE AND GLUCOSE
REGULATION
Se-Jin Kim and Debby Walser-Kuntz (Advisor)
Department of Biology
Carleton College, Northfield, MN

The taxonomic identity of the historical western Gray wolf
(Canis lupus) and the more recent eastern wolf
(Canis lycaon) remains controversial. Based on limited
genetic data (la28 haplotype) shared by western coyotes
(Canis latrans) and western wolves, it has been suggested
that a cross between western wolves and western coyotes
may have been the origin of eastern wolves. However,
these two species do not hybridize in the wild. Scientists at
our partnering institution, the Wildlife Science Center, and
Dr. David Mech have collaborated to hybridize the
western wolf with the western coyote in captivity to
elucidate ancestry of these two species and the genetics
and phenotype of the hybrids. The mating produced a litter
of six hybrid pups (woyotes). Interestingly,
the woyotes are fertile and two F2 pups were recently born
from an F1 woyote mating. Our aim is to confirm
genetically that the woyotes are hybrids, and ascertain
admixture by single-nucleotide polymorphism (SNP)
analysis, utilizing 21 ancestry-informative SNPs.
Preliminary genetic data indicate that the original
hybridization resulted from more than one sires’ sperm’s
fertilization of the dam’s ova and these hybrids are indeed
heterozygotes for the western wolf and western coyote
alleles. We hypothesized that if indeed hybridization of
these species gave rise to a new subspecies, these hybrids
would display hybrid vigor and/or intermediate
phenotypes. We have taken two approaches to study
the woyotes phenotypically. First, we have identified the
distal gut microbiota of the hybrids by a cultureindependent assay that involves sequencing 16S ribosomal
RNA encoding gene (rRNA). Our data indicate that the
F1 woyotes may have an intestinal microbiome distinct
from what has been previously reported in gray wolves.
Furthermore, we successfully isolated total RNA from
peripheral blood of the woyotes, produced cDNA, and
performed semi-quantitative RT-PCR to assess differential
gene expression in these hybrids relative to gray wolf
controls. Initial results indicate that the MAPK and Beta
catenin genes may be differentially expressed in the
F1 woyotes when compared with control wolves.
Currently, we are genotypically analyzing the woyotes for
the
presence
of
a
dopamine
4
receptor
(DRD4) intronic variable nucleotide tandem repeat
(VNTR), which has been shown to correlate with

The recent obesity epidemic has led to an expansion in our
understanding of the link between adipose tissue and
inflammation. The prevalent use of the plastic
component bisphenol-A (BPA) in food containers and
other products provides an additional environmental
challenge to the immune system. By binding to estrogen
receptors, BPA disrupts physiological endocrine activity
and modulates innate immune responses essential for
inflammation and activation of the adaptive immune
response. We explored the combined effects of high-fat
diet and in vivo BPA exposure (2.5 or 25.0 ug/kg body
weight per day; 8 weeks) on weight gain, non-fasting
blood glucose, and cytokine/chemokine expression. In
vivo BPA treatment significantly decreases the total weight
gain (p=0.006) and increases non-fasting blood glucose
levels (p=0.03) in a dose-dependent manner. A high-fat
diet increased both parameters, and the combination of a
high-fat diet and high-dose BPA exposure significantly
increased non-fasting blood glucose levels compared with
controls (p=0.004). BPA treatment significantly reduced
the LPS-induced secretion of KC chemokine, a
neutrophil chemotaxin, in normal diet mice, with a more
dramatic BPA-induced decreased in KC secretion
observed in high-fat fed mice. A high-fat diet increased
TNF-α mRNA expression overall when compared with
normal diet; however, high-dose BPA exposure reduced
LPS-stimulated TNF-α expression in both normal and
high-fat fed mice.
These data demonstrate
that peripubertal BPA exposure disrupts glucose
metabolism and dampens the innate immune response and
that BPA’s effects can be modulated by a high-fat diet.
THE SIGNIFICANCE OF CUL3-TARGETED
CRISPR/Cas9 KNOCKOUT ON HUMAN
COLORECTAL CANCER
Zoe Lautz and Jodi Goldberg (Advisor)
Department of Biology
Hamline University, St. Paul, MN
Cancer, the second-leading cause of death in the US, is
caused by mutations in select genes that alter cellular
function leading to uncontrolled proliferation.
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Understanding the specific genes that drive cancer can lead
to the generation of novel cancer therapies. To identify
novel genes that drive colorectal cancer (CRC) in mice,
Starr et. al. employed a transposon-based insertional
mutagenesis system. One of the genes identified, APC, is
mutated in 70-80% of human CRCs. In addition to genes
that are known to cause CRC, 77 novel genes were also
identified. One of those genes, CUL3, was analyzed for its
role in a human CRC cell line in this study. CUL3 gene
knockout was performed using the CRISPR/Cas9 system,
which targets mutations to specific genes, thereby
knocking out that gene’s function. Three different sites in
the CUL3 gene were targeted for mutation and resulted in
the creation of 41 separate cell lines with potential CUL3
knockout. Of those 41 cell lines, 25 exhibited qualitatively
abnormal phenotypes 10 days after transfection. These
phenotypes include slowed growth (25 of 25 cell lines),
increased cell size (16 of 25 cell lines), and variation of cell
adherence to culture flask surface (11 of 25 cell lines).
Knockout was confirmed in 6 cell lines by using PCR in
the region of the gene targeted for mutation and
sequencing the PCR product. Each cell line was
quantitatively evaluated for metabolic activity (or cell
growth rate) using an MTS assay. If CUL3 knockout is
shown to reduce overall cell growth and increase
susceptibility to chemotherapy, this would support the
development of new therapies for CRCs that target CUL3
function.

THE IMPACT OF HIGH CONCENTRATIONS OF
ESSENTIAL HEAVY METALS ON THE GENE
EXPRESSION OF THREE TonB-DEPENDENT
RECEPTORS IN Caulobacter crescentus
Dylan Leonard, Miles Smith, and Lisa Bowers (Advisor)
Department of Biology
St. Olaf College, Northfield, MN
Caulobacter crescentus is an alphaproteobacterium that
lives in nutrient-deficient environments. This bacterium,
like many others, uses TonB-dependent receptors to take
in nutrients from the environment. This study examined if
the presence of essential heavy metals in the growth media
up-regulate or down-regulate the expression of three
putative TonB dependent receptors: CC0214, CC2819,
and CC3013. Caulobacter crescentus was grown in media
supplemented with either cobalt, copper, manganese,
molybdenum, nickel, or zinc. The mRNA was harvested
from each culture of bacteria and RT-qPCR was used to
quantify the abundance of each mRNA relative to a
constitutive gene. Expression levels varied between the
three genes. CC2819 had the highest increase and decrease
in expression with manganese and cobalt respectively.
These results contribute to our understanding of TonBdependent receptors in Caulobacter crescentus and related
human and animal pathogens.
ANALYSIS OF MLYCD PROTEIN IN A MALONIC
ACIDURIA PATIENT WITH NOVEL DELETION
IN INTRON 2 OF THE GENE
Amien Masroujeh1, Michael Taye1, Linda Hasadsri2, and
Mong Lin Yang1 (Advisor)
1
Department of Cellular and Molecular
Biology, Concordia University–St. Paul, St. Paul, MN
2
Biochemical Genetics Laboratory, Mayo Clinic,
Rochester, MN

REPEATED OXAZOLONE EXPOSURE RESULTS
IN SUSTAINED MAST CELL ACCUMULATION
AND CGRP+ NERVE GROWTH IN A MURINE
MODEL OF CONTACT HYPERSENSITIVITY
Jasmine A. Landry1, Linnea A. Swanson1, Randy S.
Daughters2,3, and Devavani Chatterjea1 (Advisor)
1
Macalester College Biology Department– St. Paul, MN
2
Stem Cell Institute, University of Minnesota
– Minneapolis, MN
3
University of Wisconsin Stout– Menomonie, WI

Malonic aciduria is a rare, autosomal recessive condition
caused by mutations in the malonyl coenzyme A (CoA)
decarboxylase (MLYCD) gene. This project focuses on an
11-month-old patient who was born prematurely at 34
weeks and positively identified at 21 days of age using
derivatized MS/MS to have malonic aciduria. Molecular
testing revealed the patient’s MLCYD gene to be
homozygous for a novel variant that results in a fournucleotide deletion within intron 2. In-silico gene splicing
analysis further suggests that the sequence change could
affect splice site, resulting in frame shift that introduces a
premature stop codon, causing translated protein to be
truncated from 493 to 221 amino acids in length. Our
project tests the truncated-protein hypothesis by
performing SDS-PAGE and western blot on the patient’s
fibroblast lysate to identify the size and expression level of
the MLYCD protein. Our result shows that contrary to the
prediction, the patient actually expressed full-length
MLYCD protein, just at a significantly lower amount. This
result validates that although the deletion occurred in the

Mast cells are noted for their role in both allergy and pain,
and are suspected to be hallmark mediators for disorders
such as vulvodynia, a chronic vulvar pain condition with
epidemiological evidence of associated chronic allergies.
Here we utilize a hapten sensitization and challengeinduced contact hypersensitivity mouse model to assess
accompanying changes in vulvar mechanical sensitivity.
We have found that labiar skin in mice repeatedly exposed
to the hapten has increased mast cell and nerve density
persisting through 21 days after the final challenge.
Additionally, we show increased levels of serum IgE, a
known mast cell mediator, through at least 17 days post
challenge. These findings support the role of mast cells in
inflammatory conditions that may link allergy to chronic
pain, and may have implications in future diagnostic and
treatment possibilities for allergy-associated chronic pain
disorders.
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intron, this novel variant did result in MLYCD deficiency
at the protein level.

measuring light absorbance in a spectrophotometer. All
three cells lines showed increasing growth over the fourday assay period. However, DLD-1 and HTC-116 cells
showed enhanced absorbance over the four days,
suggesting a faster baseline growth rate. HT-116 also
appeared still to be growing in a linear fashion at the end
of the assay, while DLD-1 and HT-29 cell growth seemed
to be plateauing between days 3 and 4. This baseline data
will be compared to cells with gene knockouts to
determine the importance of each gene in colorectal cancer
cell growth.

SURVEILLANCE OF Borrelia burgdorferi IN
SMALL MAMMALS
Elizabeth Mauk, Mary Catherine Landt, and Jill Manske
(Advisor)
Department of Biology
University of St. Thomas, St. Paul, MN
Lyme disease is an ongoing public health concern with
thousands of cases reported each year. The disease
dominates two areas of the United States: the Northeastern
states, and the Midwestern states. This project is an
ongoing surveillance of the prevalence of the Lyme
disease causing bacterium, Borrelia burgdorferi, in small
mammals, which are the reservoir for the disease. Small
mammals were collected from the Katharine Ordway
Natural History Study Area in Dakota County,
Minnesota. Animals were collected during the fall and
summer of 2009-2014. The presence of B. burdorferi was
determined by Polymerase Chain Reaction (PCR) and gel
electrophoresis. Depending on the year, the prevalence of
infection ranged from 13% to approximately 70% of
animals tested, with a trend suggestive of an increasing
occurrence of Borrelia infection in reservoir species.

DEVELOPMENT OF A FLOW CYTOMETRY
METHOD FOR ANALYSIS FOR DNA PLOIDY IN
Lumbriculus
Samantha Morris and Kay Tweeten (Advisor)
Department of Biology
St. Catherine University, St. Paul, MN
DNA ploidy variations have been observed
in Lumbriculus, a freshwater oligochaete, and in other
annelids. Ploidy affects protein expression, reproductive
modes, and response to toxicants. Ploidy is typically
determined by chromosome spreads, a time-consuming
and inefficient method. An alternative approach to
measure DNA content is flow cytometry. We adapted flow
cytometry protocols used on vertebrates and plants to
determine ploidy levels in Lumbriculus. Worm
populations were obtained from an Environmental
Protection Agency lab, Aquatic Foods, and from natural
habitats. To isolate Lumbriculus nuclei, worms were
homogenized to lyse cells, filtered to eliminate cellular
debris, and centrifuged through a density gradient. Nuclei
were recovered, concentrated by centrifugation, incubated
with RNase, and labeled with propidium iodide. Flow
cytometry of the nuclei showed Lumbriculus from natural
habitats in Minnesota and Iowa were diploid. Populations
found to be polyploid were the EPA worms (9-ploid),
worms from a European habitat (9-ploid), and Aquatic
Foods worms (10-ploid). Isoelectric focusing was used to
separate proteins from the worm populations based on
their electric charge. Two distinct protein profiles were
observed: one was shared in common by the diploid
worms, and the other was characteristic of polyploid
populations. These differences in protein profiles and
DNA content suggest that the diploid and polyploid worms
may be different species. Our results demonstrated that the
isolation of nuclei followed by flow cytometry provides a
rapid, reliable way to determine ploidy levels
in Lumbriculus. We anticipate that this method could
readily be applied in determining DNA content in other
annelids.

UTILIZING MTS TO VERIFY THE CRISPR/Cas 9
TRANSFECTION IN DRIVER GENES OF
COLORECTAL CANCER
Fathima Mohamed, Maija Jedynak, and Jodi Goldberg
(Advisor)
Department of Biology
Hamline University, St. Paul, MN
Cancer occurs when a series of mutations within a cell lead
to the loss of regulation of the cell’s growth cycle, causing
tumor formation. Five to ten driver mutations are required
to cause cancer. Previous studies have identified 77 genes
as potential drivers of colorectal cancer in mice. Our lab is
studying the importance of four of those 77 genes
identified in mice (TCF12, PPM1H, CUL3, and RSPO2)
in human colorectal cancer cell lines. Understanding the
importance of individual genes on cancer cell growth
could lead to the development of new cancer therapies that
target the function of those genes. We will knock out each
of the four genes using the Cas9 nuclease and CRISPR
guide RNA to perform insertion or deletion mutations
within the gene of interest. To assess the effects of
knocking out a particular gene’s ability on the function of
the cancer cell lines, we will compare the growth of the
cancer cells before and after gene knockout. This study
aimed to characterize the baseline growth rates of three
separate human colorectal cancer cell lines (DLD-1, HTC116, and HT-29) using the MTS reagent. Cells incubated
with this reagent form a colored product, formazan, when
they are metabolically active (i.e., proliferating). That
relative amount of formazan can be determined by
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CONSTRUCTION OF A GENE KNOCKOUT
IN Caulobacter crescentus
Allena Penn and Lisa Bowers (Advisor)
Department of Biology
St. Olaf College, Northfield, MN

STUDYING INDEL MUTATIONS IN Arabidopsis
thaliana AS A MODEL FOR COMPENSATORY
EVOLUTION
Azira Rivera1 and Yaniv Brandvain2 (Advisor)
1
School of Mathematics, University of Minnesota-Twin
Cities, Minneapolis, MN
2
Department of Plant Biology, University of MinnesotaTwin Cities, St. Paul, MN

The ability to utilize both the classical genetics and reverse
genetics approaches allows researchers to identify many
functional genes. This project uses the reverse genetics
approach of gene knockout to investigate the role of gene
CC0210 in an aquatic bacterium, Caulobacter crescentus.
Through the process of two homologous recombinations,
the gene of interest is exchanged for a tetracycline
resistance cassette on a plasmid. PCR and DNA
electrophoresis have revealed that the first DNA
recombination event occurred between the plasmid and the
genome of C. crescentus. However, the second
homologous recombination was not able to be isolated,
suggesting that the gene CC0210 could be an essential
gene.

I aim to determine patterns of insertion and deletion
mutations found within the genome of A. thaliana to
parameterize a mathematical model of compensatory
evolution. Indels can have varying impacts on fitness.
When an initial mutation is compensated by a later
mutation, the frame of the gene is restored, allowing for
future sequencing mistakes to be mitigated. This
phenomenon is referred to as compensatory evolution. In
order to fully understand this process, multiple properties
and patterns of these mutations were determined and
analyzed. These include, but are not limited to the position
and function of each allele within the genome, the distance
between each compensating loci, as well as determining
how often a mutation is compensated. It is expected that
coding mutations will be compensated at a higher rate than
mutations in non-coding regions. It is also expected that
compensated deleterious mutations will have a shorter
distance between the initial mutation and the mitigating
mutation.

ANALYSIS OF in vivo AND in vitro CELLULOSE
ACTIVITY OF Cellulophaga lytica GENE
CELLY_0269
Morgan O. Petersen, Nellie K. Black, Kelsey M.
Youngquist, Alexandra N. Rouse, and Joanna R. Klein
(Advisor)
Department of Biology and Biochemistry
University of Northwestern–St. Paul, St. Paul, MN

I analyzed a sample consisting of 180 individuals
representing more than 500k short indels, using Python
and R programming. It is expected that the position and
function within the genome coincide with the rate of
compensation. The distance between compensating pairs
was then determined and plotted. The pattern of
compensation was also determined, where the definition of
compensation referred to the total mutation base pair being
of modulus three. I found that indel mutations are observed
in base pairs of modulus three. When they do not occur in
a bp of modulus three, therefore causing a frameshift
mutation, it was determined that the pattern of fixation
follows a “break-fix” pattern. This refers to the pattern that
compensatory evolution appears to fix frame in pairs of
deleterious mutations. In the future, I will use these
observations to build a mathematical model of
compensatory evolution based on actual mutational
patterns observed. This project aims to model this process
through a thorough understanding of different patterns of
indel mutations and creating a mathematical model to
predict the behavior of the population based on this
criteria.

The gram-negative marine bacterium Cellulophaga
lytica has been identified as a degrader of carboxymethyl
cellulose (CMC), a cellulose derivative. Enzymes
involved in cellulose degradation are of particular interest
due to their specific applicability to biofuel production. At
least three cellulase genes are predicted in the genome
of C. lytica. One of these genes, designated Celly_0269,
has significant similarity to a confirmed cellulase in C.
algicola. Cloning and expression of C. lytica gene
Celly_0269 in Escherichia coli TOP10 conferred on E.
coli the ability to degrade CMC in vivo. For confirmation
of cellulose activity in vitro, we sought to purify the
protein. A polyhistidine-tag was added by PCR and cloned
into E. coli TOP10 for subsequent purification via
Ni2+ chromatography. Once purified, a DNS assay will be
used to measure cellulase activity in vitro. This study
suggests that C. lytica gene Celly_0269 can act alone to
degrade CMC, signifying its potential use in biofuel
production.
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CELLULAR MECHANISMS FOR THE
PREVENTION OF LIPOTOXICITY
Leah Plasek, Lauren Roelike, and Laura Listenberger
(Advisor)
Department of Biology
Saint Olaf College, Northfield, MN

for all patients. Cancer occurs when a cell loses of control
of cell proliferation due to genetic mutations known as
driver genes. Identification of new genes that can drive
cancer is a critical step in the development of new,
potentially more effective, cancer therapies that target
tumors based on the specific genes that are driving
uncontrolled growth. Previously, a transposon-based
insertional mutagenesis approach was used to identify 77
potential genes that can drive CRC in mice. Our lab is
assessing the importance of one of those genes, RSpondin 2 (RSPO2), as a potential driver gene in the
human CRC cell line DLD-1. To determine the
significance of RSPO2 in human cells, the gene was
disrupted using the CRISPR/Cas9 multi-plasmid system of
gene knockout. CRISPR/Cas9 utilizes transformed
competent bacterial plasmids to find, cut, and thus knock
out specific genes and therefore protein function within
cell lines. Polymerase Chain Reaction (PCR) and
sequencing were used to confirm RSPO2 knockout within
DLD-1. Future research will study the effects of RSPO2
knockout on human colorectal cancer cell function,
including cell growth rates and susceptibility to
chemotherapy drugs. Upon completion of the study, we
will determine if RSPO2 is a viable candidate for the
development of novel, targeted cancer therapies.

Excess lipid accumulation can cause cell death or
dysfunction, a process known as lipotoxicity. Previous
studies have shown that cells are protected from
lipotoxicity when excess lipid is stored in lipid droplets.
Lipids droplets may sequester toxic lipids away from the
pathways that lead to cell death and dysfunction. Our
experiments test an alternative hypothesis, that fatty acids
released from lipid droplets activate transcription of genes
that promote cell survival. Specifically, we aim to
determine if protection from lipotoxicity requires the
activity of adipose triglyceride lipase (ATGL). ATGL
hydrolyzes triglyceride, releasing lipid from lipid droplets,
providing ligands for transcription factor activation. We
measured lipotoxicity in NIH3T3 cells in the presence of
an inhibitor of ATGL. Our preliminary results suggest that
ATGL activity is not required for protection from
lipotoxicity, providing further support for the model that
lipid droplets simply sequester toxic fatty acids.
EXPLORATION AND ANALYSIS OF LIPID
CONTENT IN CANINE FOOD
Allison Rogich and Heather Sklenicka (Advisor)
Department of Chemistry
Rochester Community and Technical College, Rochester,
MN

THE IMPACT OF HIGH CONCENTRATIONS OF
ESSENTIAL HEAVY METALS ON THE GENE
EXPRESSION OF THREE TonB-DEPENDENT
RECEPTORS IN Caulobacter crescentus
Miles Smith and Lisa Bower (Advisor)
Department of Biology
St. Olaf College, Northfield, MN

The goal of this project was to determine the amount of
lipid content in canine food as well as its ability to prevent
oxidative damage to DNA. A solvent extraction procedure
was optimized to allow for isolation of fat from dry canine
food. Initial photo-oxidation and gel electrophoresis were
conducted to analyze whether the lipids would prevent
DNA damage. Results were inconclusive, so a variety of
oils listed in the ingredients for the food were tested to
determine their ability to prevent photo-oxidative damage.
Results of the isolation and preliminary DNA tests will be
presented. Our conclusions provide evidence that fat is
important to the nutritional and health status of a pet to
prevent DNA damage and additional diseases.

Caulobacter crescentus is an alphaproteobacterium that
lives in nutrient-deficient environments. This bacterium,
like many others, uses TonB-dependent receptors to intake
nutrients from the environment. This study examined if the
presence of essential heavy metals in the growth media upregulate or down-regulate the expression of three putative
TonB-dependent receptors: CC0214, CC2819, and
CC3013. Caulobacter crescentus was grown in media
supplemented with either cobalt, copper, manganese,
molybdenum, nickel, or zinc (Figure 1). The mRNA was
harvested from each culture of bacterium and RT-qPCR
was used to quantify the abundance of each mRNA
relative to a constitutive gene. Expression levels varied
between the three genes. CC2819 had the highest increase
and decrease in expression with manganese and cobalt,
respectively. These results contribute to our understanding
of
TonB-dependent
receptors
in Caulobacter crescentus and related human and animal
pathogens.

R SPONDIN-2 GENE KNOCKOUT IN HUMAN
COLORECTAL CANCER UTILIZING
CRISPR/Cas9
Jennifer Scalze and Jodi Goldberg (Advisor)
Department of Biology
Hamline University, St. Paul, MN
Colorectal cancer (CRC) is the third most common human
cancer and affects approximately 130,000 US citizens
yearly. Invasive surgery and chemotherapy are the most
common treatments for CRC, but do not work effectively
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Mycobacteriophage QuinnKiroE1 DISCOVERY AND
GENOMICS
Isaac Wakiro, Daniel Westholm (Advisor), and Kara
Thoemke (Advisor)
Department of Biology
The College of St. Scholastica, Duluth, MN

connected Celly_0443 to families of cellulases in other
species. PDB analysis resulted in a significant amino acid
alignment with glycoside hydrolase. To confirm that the
gene does encode a functional cellulase, it was cloned into
the pBADTOPO-TA expression vector. This will produce
a His-tagged protein upon induction with arabinose. After
determination of proper vector construction, functionality
of the cellulase will be tested in two ways. First, an in
vivo Congo
Red
cellulase
assay
will
be
performed. Second, the protein will be purified using a
nickel column and used in an in vitro cellulase assay.

Mycobacteriophage QuinnKiroE1 was discovered under
the SEA PHAGES program at The College of St.
Scholastica. It was isolated from a loamy soil sample
obtained from a farm at 46.632646N, 92.101018W in
Superior, Wisconsin, using the enrichment method
with Mycobacterium smegmatis mc2 155 as the host. When
plated on a lawn of M. smegmatis, QuinnKiroE1 produced
cloudy plaques measuring 0.5 mm in diameter, revealing
that it is a temperate phage. Furthermore, transmission
electron micrographs showed that it possesses a noncontractile tail about two times the length of the head, a
feature characteristic of phages in the Siphoviridae family.
Additionally, sequencing data obtained revealed a linear
double-stranded DNA genome of 50,066 base pairs with a
64% GC content, placing it into the A3 subcluster. This
genome possesses 88 protein and 2 tRNA-coding regions.
As expected with temperate phages, several stoperator
sequences (GATGTCAAG) were found throughout the
genome. In total, 18 putative stoperators were identified,
most of which are located near or within lytic-related
protein-coding regions. Finally, Mycobacteriophage
QuinnKiro uses a serine integrase. This is located at locus
1509. Current work is focusing on finding the AttP and
AttB sites within the phage and host, respectively. Also, a
separate comparative proteomics study is being performed
to relate QuinnKiro and Haetera. Haetera is a B1 phage
that was isolated from the same sample from
which QuinnKiro was attained. It possesses a circular
genome and no integrase. Information from this project
could yield links between subclusters A3 and B1.

CHEMISTRY
A NEW METHOD FOR THE PRODUCTION OF
CARBON THIN-FILMS
Matthew Berens and Brandon Winters (Advisor)
Department of Chemistry
Bethel University, St. Paul, MN
The production of graphene and graphene oxide based
carbon thin-films is an attractive modern industry due to
their versatility and use in electronic devices, chemical
sensing, polymer composites, and two-dimensional
materials. Current methods for producing graphene thinfilms require large and expensive UHV deposition
chambers, which are difficult to scale up for larger films.
On the other hand, production methods of graphene oxide,
including the Hummer’s method, are primarily focused on
batch-wise, large-scale production of the material with
little emphasis on controlling or tuning the specific
properties of the product. While graphene and graphene
oxide are distinctly different materials with different
properties, there is significant overlap in their conceived
applications, making large-scale, finely controlled
production of graphene oxide an important target. A new
method for graphene oxide thin-film production has been
developed, which inherently provides a greater degree of
control over the characteristics of the product while also
making the production of larger thin-films on the inch
scale a reality.

ANNOTATION AND CLONING OF A
HYPOTHETICAL CELLULASE GENE IN
Cellulophaga lytica
Kelsey Youngquist, Alex Rouse, and Joanna Klein
(Advisor)
Department of Biology and Biochemistry
University of Northwestern–St. Paul, St. Paul, MN

SYNTHESIS AND ISOMORPHOUS
SUBSTITUTIONS IN LEAD SODIUM VANADATE
APATITE
Brontae Berkhoel and Lyudmyla Stackpool (Advisor)
Department of Chemistry
Minnesota State University–Mankato, Mankato, MN

Cellulophaga lytica is a poorly understood strain of
bacterium belonging to the family Flavobacteriaceae. This
organism is of interest to the fields of biotechnology and
ethanol production because of the enzymes it produces.
Specifically, its secretion of carboxy-methylcellulosedegrading enzymes is of interest. Of the 3,358 predicted
genes, only 2,218 have been assigned a known function.
Through manual bioinformatic annotation, it was
determined that the hypothetical gene with the locus tag
Celly_0443 codes for a potential cellulase, an enzyme
capable of hydrolyzing the polysaccharide cellulose. The
BLAST non-redundant database and CDD search engines

The world is experiencing a drastic fall in fuel resources
and nature is greatly affected by the greenhouse gases.
Therefore, it is paramount to do research on
environmentally friendly and highly efficient sources of
electric energy (fuel cells). This explains the recent rise in
interest for solid-state electrolytes. Vanadates with apatite
structure (general formula M10 (XO4)6Y2, where M=Ca,
Sr, Ba, Pb; X=P, V, As, Si; Y=OH, F, O, etc.) can be used
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as potential solid oxide electrolytes. Pb-containing apatites
play an essential role since only Pb-containing compounds
retain the apatite structure in which the Y ions are absent;
the structural channels are free, which favors oxygen
conductivity. The goal of our study was to establish
synthetic conditions, chemical composition, and crystal
structure of Pb-containing vanadates modified by rareearth elements (REE). The substitution of Pr3+, Eu3+ for
Pb2+ in systems Pb(8-x)REExNa2(VO4)6Ox/2 under the
scheme: 2 Pb2++ □ □ 2REE3+ + O2- was examined. The
solid solutions were synthesized by the solid-phase
method at temperature of 600°C upon annealing for 32
hours and studied by XRD and SEM methods. According
to the XRD, the substitution limits in systems Pb(8x)REExNa2(VO4)6Ox/2 were found within the ranges 0 ≤
x ≤ 0.15 for Eu, 0 ≤ x ≤ 0.25 for Pr. It was found that the
unit cell parameters a, c, and volume, v, decrease
monotonically with increasing x. Oxygen ion content in
the structural channels increases with increasing x, which
leads to a gradual increase in conductivity.

CYCLOMETALLATED PALLADIUM(II)
COMPLEXES WITH FLUXIONAL THIACROWN
LIGANDS
Meaghan Bruening and Daron E. Janzen (Advisor)
Department of Chemistry
St. Catherine University, St. Paul, MN
Many ligand substitution reactions involving d8 transition
metals employ a five-coordinate transition state which is
relatively unstable. The goal of our research was to
synthesize and characterize a series of pseudo-five
coordinate cyclometallated model complexes which
closely
resemble
these
unstable
transition
states. Characterizing model systems that mirror these
transition states will aid in the design of better catalysts for
a range of organic transformations. Our target complexes
were of the form [Pd(C^N)([9]aneS3)](PF6) ([9]aneS3 =
1,4,7- trithiacyclononane; C^N = 2- (2- thienyl) pyridine,
2-(3-thienyl)pyridine, 2-(2-pyridyl)benzo[b]thiophene, or
2-phenylbenzothiazole).
The
synthesis
of cyclometallated [9]aneS3 complexes was achieved
through a two-step procedure involving stable
[Pd(C^N)(OAc)]2 intermediates. The acetate-bridged
dimer intermediates were isolated as mixtures of both
the syn- and anti- isomers, but the relative ratios of these
isomers were inconsequential to the subsequent ligand
substitution reaction with [9]aneS3 to form the desired
[Pd(C^N)([9]aneS3)](PF6)
complexes. The
[9]aneS3 complexes were characterized through a variety
of methods including X-ray crystallography, 1H and 13C
NMR, IR, electrochemistry, and elemental analysis. NMR
spectroscopy indicates the [9]aneS3 ligand is fluxional
(rapid intramolecular rotation) in solution as a single 13C
resonance is observed. Characterization by X-ray
crystallography shows two genuine Pd-S bonds (2.2-2.4
Å), and one longer Pd∙∙∙S interaction (2.86-2.91Å) in each
structure. Electrochemical
measurements
revealed
that PdII/III and PdIII/IV reversible oxidations are present in
each complex of the series. Our studies of this series
of cyclometallated Palladium(II) complexes indicated they
indeed are five-coordinate species in the solution and solid
state as well as emulate the redox chemistry of catalytic
systems.

ISOLATION OF SECONDARY METABOLITES
FROM Alternaria sp. ROCH 301.4
Nicole Blanshan, Nicolas Benish, and Annalisa Jordan
(Advisor)
Department of Chemistry
St. Catherine University, St. Paul, MN
Current problems facing public health include antibiotic
resistance and bioaccumulation of mycotoxins from fungal
contaminated crops, highlighting a need for new
antibacterial and antifungal agents. From previous
research it is known that fungal endophytes produce
biologically active secondary metabolites exhibiting
antimicrobial and antifungal properties. It is the goal of this
project to isolate new biologically active compounds from
endophytic fungi for use in medicine or agriculture.
Extracts from the alfalfa fungal isolate, Alternaria sp.
(ROCH 301.4), displayed inhibition of gram-positive
bacterial growth for Bacillus subtilis, Micrococcus luteus,
and Staphylococcus epidermidis, and therefore warranted
chemical investigation. Fungal secondary metabolites
from ROCH 301.4 were purified using liquid-liquid,
vacuum liquid (VLC), gravity liquid (GLC), and highperformance
liquid
chromatographic
(HPLC)
techniques. 1H and 13C nuclear magnetic resonance (NMR)
data were used to characterize these complex
chromatographic mixtures; these spectra will be
specifically discussed. Further sample purification using
HPLC is currently being performed in an effort to isolate
fungal metabolites. Isolated compounds will then be
characterized using NMR and mass spectroscopic
techniques followed by testing in a series of biological
assays against the previously mentioned gram-positive
bacteria.

SYNTHESIS AND CHARACTERIZATION OF
MODIFIED NUCLEOSIDES
Andrea Cragoe and Mitchell Maddox (Advisor)
Chemistry Department
Bethel University, St. Paul, MN
Template-directed polymerization is a unique mechanistic
process that occurs during translation and transcription in
biological systems. These reactions typically require
physiological enzymes to produce reaction conditions that
are favorable to polymerization. Investigations of
alternative backbones and polymerization pathways to the
traditional phosphodiester bond formation may make it
possible to understand the origins of DNA and how more
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efficient processes for creating biosynthetic polymers can
be developed. Reductive amination has been suggested as
a possible mechanistic alternative. In order to investigate
this mechanism, the DNA monomers must first be
modified to include a 5´-amine and a 3´-acetaldehyde. This
research is focused on the modification of the adenosine
monomer. Once completed, the modified adenosine
monomer will be used in polymerization studies of homoblock polymers. The modified adenosine monomer will
eventually be used in studies on hetero-block polymers
after successful modification of other three DNA
monomers.

theoretical approaches to molecular optical activity began
in the late 1990s, and implementations are available in
several computational chemistry programs. Typical
approaches do not assign contributions to the rotation
angle to individual atoms or functional groups. In 1998,
Beratan provided a way to do so, linking chemical
structure to optical rotation angle by decomposing the
electric and magnetic dipole contributions from molecular
to atomic orbitals [1]. At that time, only unreliable HartreeFock computations were performed and analyzed. This
work aims, first, to implement Beratan’s approach to HF
atomistic optical rotations into PSI4 and carry out some
analyses of the effect of microsolvation on optical rotation.
Second, given that the magnitude of rotation varies with
the frequency of incident light, we are currently
introducing the proper frequency-dependence via the
linear-response equations in PSI4. Finally, we intend to
investigate the atomistic decomposition in computations of
optical rotation using correlated wavefunctions.

UNDERSTANDING THE MECHANICAL
PROPERTIES OF A UNIQUE NANOMATERIAL,
GRAPHENE OXIDE
Nicole Davis and Gina Samuelson (Advisor)
Department of Chemistry
St. Catherine University, St. Paul, MN
Graphene oxide is a nano-scale material that has the
potential to revolutionize our existing electronic and
sensor technology due to its role as a precursor for the costeffective and mass production of graphene-based
materials. What makes graphene oxide attractive is that it
can be reduced to graphene-like sheets by removing the
oxygen groups with the recovery of a conjugated
structure. Hydrazine has been the standard reducing agent
for graphene oxide; however, previous studies have shown
that the use of vitamin C is a viable alternative with some
unique advantages. The recovery of the conjugated
network of the graphitic lattice results in the recovery of
the electrical conductivity of graphene. Our objective is to
determine if vitamin C can be used to control the oxidation
level and thus the properties of graphene oxide. In order to
control the electrical properties of graphene oxide, vitamin
C will be used to titrate graphene oxide. At each point in
the titration, conductivity will be measured. Titration data
will be presented and next steps in tuning the properties of
graphene oxide will be discussed.

Kondru, R. K.; Wipf, P.; Beratan, N. D. Atomic
contributions to the optical rotation angle as a quantitative
probe of molecular chirality. Science. 1998, 282, 22472250.
PHYCOCYANIN FLUORESCENCE IN THE
DENATURING OF PHYCOBILIPROTEINS IN
THE LABORATORY SETTING FOR ALLIED
HEALTH STUDENTS
Amber Godfrey and Heather Sklenicka (Advisor)
Department of Chemistry
Rochester Community and Technical College, Rochester,
MN
Chem 1118, along with other general chemistry classes,
needed an interesting lab to examine protein structures and
denaturing. A lab, by Robert Bowen, using Spirulina
tablets as the protein source was adapted for use in this lab.
The first week of the experiment, students isolated the
protein from blue-green algae found in Spirulina
nutritional supplements. When extracted, the protein was
dark blue with red fluorescence when illuminated by a
light source. In the second week, students tested a variety
of compounds and temperatures to see if the protein
denatures under each set of conditions. In addition,
students titrated the protein with dilute hydrochloric acid
and quantified their results using MicroLAB technology.
After the experiment, students answered questions on their
satisfaction with the lab. The entirety of the students
expressed an overall high satisfaction with the lab.

ATOMISTIC INTERPRETATIONS OF OPTICAL
ACTIVITY
Sarah N. Elliott and Rollin A. King
Department of Chemistry
Bethel University, St Paul, MN
Chiral molecules, which are not superimposable on their
mirror images, frequently display distinct properties from
their enantiotopic analogues. This makes their
stereochemistry important to many fields of chemistry and,
particularly, to the drug industry. A prominent example of
enantio-specific behavior is the response to planepolarized light, which is referred to as optical activity.
Generally, experimental optical rotation angles allow for
determination of a molecule’s absolute configuration only
when the direction and magnitude of the rotation for that
enantiomer is already known. Development of reliable
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SPECIFIC ROTATION OF SIMPLE
CARBOHYDRATES AND ARTIFICIAL
SWEETENERS: ALLIED HEALTH
LABORATORY DEVELOPMENT
Daniel Heerema and Heather Sklenicka (Advisor)
Department of Chemistry
Rochester Community and Technical College, Rochester,
MN

by-products. This work also provides insight into why
reactions
of
primary
amines
with bis(chlorocarbonyl)disulfane fail to give Dts-amines
directly,
whereas
analogous
reactions
with bis(trimethylsilyl)amines give Dts-amines in high
yields.
REACTIONS OF
BIS(TRIMETHYLSILYL)AMIDES AND
CARBAMATES WITH BIFUNCTIONAL
ELECTROPHILES: CREATION OF NOVEL
HETEROCYCLES AND ACCOMPANYING
MECHANISTIC INSIGHTS
Matthew Henley and George Barany (Advisor)
Department of Chemistry
University of Minnesota–Twin Cities, Minneapolis, MN

In our allied health second-semester chemistry course
students had access to polarity, but the lab was
unsuccessful due to lack of engagement and inconsistency
of results. An alternative activity was devised to educate in
specific rotation of chiral carbohydrates with an
investigative approach to identifying simple carbohydrates
and
artificial
sweeteners
against
known
solutions. Experimental specific rotations of pure glucose
and fructose were collected to be used as standard
solutions at a variety of concentrations. The optical
rotation of Sprite, Sprite-Zero, Crystal Light, Mio, and
Propel solutions were measured. These will be used as
potential unknown samples for experimental identification
based upon carbohydrate and artificial sweetener
content. Each unknown was tested at different
concentrations following removal of carbonation, to
optimize light transmittance in the polarimeter. This
presentation will include preliminary results to determine
the best unknowns for student use along with development
of a lab to implement in Fall 2015.

The trimethylsilyl (TMS) group is productively applied in
synthetic organic chemistry toward a myriad of ends [e.g.,
the protection of alcohols]. When TMS groups are
attached to nucleophilic nitrogen moieties, they can
increase reactivity toward certain types of electrophiles
[typically acyl and/or sulfenyl chloride functionalities].
Previously, our laboratory has shown that reactions of
bis(trimethylsilyl)amines
with
bis(chlorocarbonyl)disulfane generate in high yield the
corresponding 1,2,4-dithiazolidine-3,5-diones, which are
the basis for the thiolysable dithiasuccinoyl (Dts)
protecting group for primary amines. When we attempted
to extend this chemistry with bis(trimethylsilyl)amides,
none of the desired Dts-amide products could be identified
within complex mixtures. By way of troubleshooting,
several diacid chlorides [succinoyl, phthaloyl, and
pyrazine-2,3-dicarbonyl chloride] were reacted with N,Obis(trimethylsilyl)acetamide (BSA) and found to give
reasonable amounts of the desired N-acetyl cyclic imide,
along with significant levels of the corresponding cyclic
anhydrides and acetonitrile. These findings, buttressed by
kinetic studies, suggest that the reaction mechanism
includes an initial O-attack of BSA on the acid chloride,
followed by either an OàN acyl shift and subsequent
cyclization to the final product, or by immediate
cyclization to the cyclic anhydride with loss of acetonitrile.
This interpretation also provided a rationale for the failure
of the reaction with bis(chlorocarbonyl)disulfane. These
mechanistic insights also led to: (1) an operationally
simple route to 1,3,4-oxathiazol-2-ones through the highyield reactions of bis(trimethylsilyl)amides with
(chlorocarbonyl)sulfenyl chloride; (2) a homologous route
to previously inaccessible alkoxy-substituted 1,3,4oxathiazol-2-ones
by
substituting
bis(trimethylsilyl)carbamates
for
bis(trimethylsilyl)amides in the same chemistry; and (3)
access to the heretofore unknown 1,3,4,5-oxadithiazin-2one
heterocycle
through
reactions
of
bis(trimethylsilyl)amides with (chlorocarbonyl)disulfanyl
chloride.

MECHANISTIC INSIGHTS INTO THE ZUMACHWEISS-KÜHLE SYNTHESIS OF
DITHIASUCCINOYL (Dts)-PROTECTED
AMINES
Matthew Henley and George Barany (Advisor)
Department of Chemistry
University of Minnesota–Twin Cities, Minneapolis, MN
The 1,2,4-dithiazolidine-3,5-dione heterocycle is the basis
for the thiolysable dithiasuccinoyl (Dts) protecting group
for primary amines. These derivatives can be prepared
by Zumach-Weiss-Kühle (ZWK) chemistry, wherein the
amine moiety is first converted to an Oethyl thiocarbamate, which is reacted next
with chlorocarbonylsulfenyl chloride. Co-products of the
ZWK reaction are hydrogen chloride and ethyl chloride,
and undesired by-products include isocyanates and
carbamoyl chlorides. Plausible acyclic intermediates for
this reaction have never been observed spectroscopically.
We demonstrate here that by using a substrate with
a carbamate substituent, the Dts-protected carbamate does
not form, but instead the reaction arrests [depending on the
conditions
used]
at
one
of
two
acyclic
(chlorocarbonyl)disulfanyl species, the structures of which
[and/or suitably derivatized adducts] can be characterized
by X-ray crystallography. The fully characterized
structures suggest a mechanism for the ZWK reaction and
give a rationale for the formation of commonly observed
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chitosan’s solubility in aqueous solutions, and PEG
conjugation reduces chitosan’s ability to bind with DNA.
New, time-efficient methods to synthesize PEGylated
chitosan and oleoyl chitosan were also explored.

VALIDATING THE PROTON SPONGE
ENDOSOMAL ESCAPE MECHANISM IN AN in
vitro ENVIRONMENT
Chad Hewitt and Lisa E. Prevette (Advisor)
Department of Chemistry
University of St. Thomas, St. Paul, MN

A COMBINED COMPUTATIONAL AND
EXPERIMENTAL STUDY OF THE FINAL RING
CLOSURE OF BN-PYRENE
Joe Jaye, Ben Gelinas, and Eric H. Fort (Advisor)
Department of Chemistry
University of St. Thomas, St. Paul, MN

A fundamental understanding of non-viral gene delivery
pathways is essential toward unlocking the therapeutic
potential the field has to offer. Endocytosis is one route by
which non-viral gene delivery vectors become internalized
in a cell;however, it is unclear how these vectors escape
from the resulting endocytic vesicles. The popular “proton
sponge” hypothesis states that an endosome will undergo
osmotic swelling and rupture due to the buffering capacity
of the polymeric delivery agent (Behr 1997). To
investigate the accuracy of this hypothesis, the endosomal
disruption capabilities of four polyamines of differing
buffering capacities (25-kDa linear and branched
polyethylenimine, generation 5 polyamidoamine
dendrimer, and poly-L-Lysine) are being studied in vitro.
Titrations of each polymer in different ionic strength
environments confirmed a range of buffering capacities.
Controls were performed on lipid vesicle model
endosomes to determine the optimal polymer
internalization and subsequent separation methods, which
were freeze-thaw cycles followed by extrusion and cationexchange chromatography, respectively. Polymer
concentrations were quantified by an amine-reactive
colorimetric assay using 2,4,6-trinitrobenzenesulfonic
acid. The “proton sponge” hypothesis will be further
investigated using DNA-polymer complexes to obtain a
more comprehensive understanding of the mechanism and
of non-viral gene delivery as a whole.

Azaborine-containing molecules are those with a boronnitrogen bond in place of a carbon-carbon bond.
Azaborine-containing molecules are currently being
researched for potential use in biomedical and material
chemistry. The substituted boron-nitrogen bond gives the
molecule a dipole moment, which changes the chemical
and physical properties of the molecule. We have been
studying the microwave-assisted synthesis of BN-Pyrene.
When reacted in a microwave oven, the second ring
closure of BN-Pyrene occurs faster and without the use of
catalyst seen in previous literature. There are three
proposed mechanisms for the second ring closure of BNPyrene that occur through an electrocyclic or carbene
route. Our work investigates these mechanisms
computationally and experimentally in an effort to design
a closure mechanism that can aid in the synthesis of other
azaborine-containing molecules.
THE EFFECTS OF IODIDE IMPURITIES IN THE
PRODUCTION OF GOLD NANORODS
Janelle Jennisen1, Graeme Wyllie1 (Advisor), and Nadja
Bigall2 (Advisor)
1
Department of Chemistry, Concordia College,
Moorhead, MN
2
Institute of Physical Chemistry and Electrochemistry,
Leibniz University, Hanover, Germany

Behr, Jean Paul. "The Proton Sponge: A Trick to Enter
Cells the Viruses Did Not Exploit." CHIMIA International
Journal for Chemistry, 51 (1997):36-38.
MODIFYING CHITOSAN FOR GENE DELIVERY
Francesca Ippoliti, Lisa E. Prevette (Advisor), and J.
Thomas Ippoliti (Advisor)
Department of Chemistry
University of St. Thomas, St. Paul, MN

Gold nanorods see a variety of uses in electrical and
medical fields, and have many applications due to their
photocatalytic properties. Properties of the nanorods are
able to be controlled by tuning the size (length) and shape
of the rods. Efficient and effective methods to produce
gold nanorods are highly sought after. This project was
originally designed to focus on producing a high yield of
well-formed and consistent rods, and increasing the aspect
ratio (length divided by width) of the gold nanorods. After
difficulties in reproducing several literature examples of
gold nanorod growth methods, we carefully examined the
effect of several environmental factors affecting the
growth of these gold nanorods. Rods were grown using
various versions of a seed-mediated growth method, where
an initial nanosphere with a diameter of a few nanometers
is used as a seed to begin lateral growth. Characterization
of the gold nanorods was completed through absorption
spectroscopy and transmission electron microscopy. The
effect of silver nitrate, a well-known control of rod growth,

Chitosan, a glucosamine polymer, has high
biocompatibility which makes it a widely studied gene
delivery agent, but some chemical modifications can be
made to improve its effectiveness and ability to coadminister hydrophobic drugs. Polyethylene glycol (PEG)
and oleic acid were covalently attached to chitosan for
increased solubility and stability, lower cytotoxicity, and
the possibility of micelle formation. Characteristics of
chitosan, PEGylated chitosan, oleoyl chitosan, and their
complexes with DNA were studied using nuclear magnetic
resonance (NMR) spectroscopy, electrophoretic mobility
shift assays (EMSA), and dynamic light scattering (DLS).
These modifications can both increase and decrease
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was investigated, and it was found that increasing the
concentrations of this material led to longer rods up to a
certain length. The width of the rods has been found to be
controlled by the presence of cetyltrimethylammonium
bromide (CTAB). Theoretically, using the right
combination of silver nitrate and CTAB, it therefore
should be possible to create gold nanorods of many aspect
ratios. The nanorods created in this study, however,
exhibited a maximum aspect ratio of ~2, and the overall
shape of the nanoparticles varied from small spheres,
diamonds, beans, and “dog bone” shapes. It was therefore
hypothesized that minute amounts of iodine impurities
present in the cetyltrimethylammonium bromide were
significantly hindering the lateral growth of the rod. This
was confirmed when compared with results from previous
studies which also contained iodine impurities. It was
concluded that despite the impurities, nanorods could still
be made and aspect ratios able to be tuned, though not
effectively.

THIN POLYMER FILM GRADUAL CHEMICAL
RELEASE
Andrew Norlander and Kenneth Rohly (Advisor)
Department of Chemistry
Bethel University, St. Paul, MN

INVESTIGATION OF MYOHEMERYTHRIN
UNFOLDING
Anna C. Krieger, Kristin A. Podratz, Scott E. Mulder, and
Brandy S. Russell (Advisor)
Department of Chemistry
Gustavus Adolphus College, St. Peter, MN

CELL-PENETRATING COMPOUNDS
PREFERENTIALLY BIND
GLYCOSAMINOGLYCANS OVER PLASMA
MEMBRANE LIPIDS IN A CHARGE DENSITYAND STEROCHEMISTRY-DEPENDENT
MANNER
Amber R. Schoenecker, Kristin J. Braden, and Lisa
E. Prevette (Advisor)
Department of Chemistry
University of St. Thomas, St. Paul, MN

The development of thin polymer films with another
chemical dissolved in the film was explored. Specifically,
the ability of these films to slowly release the chemical
over time was investigated. Typically, thin polymer film
release is used in medical applications, but the goal of this
research is to apply thin polymer film release to other
systems that differ in nature from medical systems. A
system that this research could be applied to would be an
aquatic, saltwater tank, in which a biocide needs to be
slowly released to keep the tank clean over a long period
of time. Large-scale polymer films were developed using
solvent casting, and the elution rate of the chemical of
interest out of the film was measured.

Myohemerythrin (myoHr), a monomeric oxygen transport
protein with a non-heme diiron center, is produced in the
retractor muscles of particular marine invertebrates and is
an ideal model for examining unfolding patterns
of
metalloproteins.
Comprehension
of metalloprotein folding and unfolding processes can be
applied in biomedical, pharmacological, and industrial
fields, as well as inform the function of the protein in vivo.
In this study, myoHr from Phascolopsus gouldii was
purified from Escherichia coli. Equilibrium unfolding
studies were performed by exposing myoHr to a chemical
denaturant;
unfolding
was monitored
using fluorimetry and UV-Vis. Prior unfolding studies
determined that oxidized myoHr undergoes a two-step
unfolding process. Our hypothesis is that the first
unfolding step is a minor restructuring of the N-terminal
loop. We are testing this hypothesis with optimized
purification and unfolding experiment conditions, and by
studying the unfolding of the reduced protein. We have
also prepared variants of myoHr with single mutations of
tryptophan residues in an attempt to observe the
two unfolding steps separately. Future work will include
1H NMR characterization of the fully folded and
partly unfolded myoHr.

Cell-penetrating compounds are often conjugated to drugs
to facilitate cellular uptake. We hypothesize electrostatic
interaction between the positively charged amines of the
cell-penetrating compounds and the negatively
charged glycosaminoglycans extending from cell surfaces
is the initiating step in the internalization process. The
interactions of generation 5 PAMAM dendrimer, Tat
peptide, and 25 kDa linear PEI with four different GAGs
have been studied using isothermal titration calorimetry,
electrophoretic mobility shift assays, and dynamic light
scattering to elucidate structure-function relationships that
could lead to improved drug and gene delivery methods to
a wide variety of cell types. Detailed thermodynamic
analysis has determined that cell-penetrating compoundGAG affinity is dependent upon GAG charge density and
stereochemistry, cell-penetrating compound molecular
weight, and architecture, and that the interactions are
dominated by nonelectrostatic forces. These results were
compared with the association of these compounds with
lipid vesicles as model plasma membranes to finally
clarify the relative importance of each cell surface
component in initial cell recognition. It has been shown
that the glycosaminoglycan affinity is at least an order of
magnitude higher than that of the liposomes for all cellpenetrating compounds, confirming the role these
heterogeneous polysaccharides play in cellular association
and clustering.
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SYNTHESIS AND CRYSTAL STRUCTURE OF
PB(8-X)NA2REEX(VO4)6O(X/2)
Estelle Tachago, Brontae Berkhoel, and Lyudmyla
Stackpool (Advisor)
Chemistry and Geology Department
Minnesota State University–Mankato, Mankato, MN

perhaps, how to manipulate this protein to control its
function.

EARTH SCIENCE
SEDIMENTOLOGIC APPLICATION OF
SETTLING TUBE DATA
Michael Reeves and Tim Kroeger (Advisor)
Department of Geology
Bemidji State University, Bemidji, MN

Diminishing fuel resources and the greenhouse effect
make a research on environmentally friendly sources of
electric energy-fuel cells crucially important. Therefore,
interest in solid-state electrolytes is growing recently.
Vanadates with apatite structure (M10(XO4)6Y2, where M
= Ca, Sr, Pb, etc.; X = P, V, As, etc.; Y = OH, F, O, etc.)
can be used as potential solid electrolytes. In Pb-containing
apatite compounds where Y ions are absent, the structural
channels are free, which should favor oxygen
conductivity. In our research we studied the substitution of
REE (Pr3+, Nd3+, Sm3+, Eu3+) for Pb2+ in the systems Pb(82 +
+ □ →
x)REExNa2(VO4)6Ox/2 under the scheme: 2Pb
3+
22REE + O . The solid solutions were synthesized by the
solid-phase method at temperature of 600°С after
annealing for 32 hours and studied by XRD and SEM
methods. The solubility limits in the systems Pb(8x)REExNa2(VO4)6Ox/2 and their dependence on ionic radii
were established. It was found that substitution of
REE3+ for Pb2+ is accompanied by a decrease of the unit
cell parameters a, c and increase in the O2- content with
increasing x.

The settling tube apparatus has the potential ability to aid
identification of grain-size distribution of unknown
samples. This experiment identifies average settling
velocities of quartz sand particles ranging in size from
0.125 mm to 0.5 mm (3.0 ɸ-1.0 ɸ). Also provided are
the preliminary data and methods necessary in the task of
using the settling tube to identify grain-size distribution of
unknown samples. The settling tube apparatus consists of
a 1.6-meter clear plastic tube with a 14.3-cm inner
diameter. The tube stands upright and is filled with
deionized water. Two small pulleys attach to the ceiling
approximately three feet apart; one directly above the tube,
the other directly above a Mettler-Toledo XSE analytical
balance. The balance is connected to a computer featuring
the LabX Direct program and Excel. From a non-elastic
line, a flat circular plate hangs at the bottom of the settling
tube. The line runs through the two pulleys and attaches to
a weight upon the scale. The change in mass over time is
plotted in Excel as material settles through the water and
lands upon the plate. A Ro-Tap sieve shaker was used to
separate quartz sand into quarter-phi-size increments. The
samples were settled through the tube in at least six trials
per size using the procedure developed in this
project. LabX Direct plotted settling data in Excel at a rate
of twice per second. Using these data, average settling
velocities were then determined for each grain size and
compared with theoretical calculations using Stoke’s Law.
As expected, particles smaller than 0.02 mm were shown
to obey the prediction on Stoke’s Law, while the larger
grain sizes deviate. These data serve to provide a baseline
calibration of the settling tube for future use.

THE STUDY OF THE STRUCTURE OF
ADIPOCYTE FATTY ACID-BINDING PROTEIN
USING NMR SPECTROSCOPY
Yenchi Tran and Kim Ha (Advisor)
Chemistry and Biochemistry Department
St. Catherine University, St. Paul, MN
Adipocyte fatty acid-binding protein (FABP-4, A-FABP)
is the best characterized isoform among the FABP family,
and it is known to be involved in metabolic diseases such
as diabetes. Previous studies have shown FABP-4
knockout mice do not develop diabetes while being fed a
high-fatty diet. To understand its connection to the
development of diabetes, the structure and dynamics of
human FABP-4 bound to its ligands must be analyzed via
nuclear magnetic resonance (NMR) spectroscopy. In this
research, 13C and 15N isotopically labeled FABP-4 was
successfully produced in E. coli, and it was characterized
by optical density and SDS-PAGE. Then, the 1H-15N
HSQC spectrum was assigned for the ligand-free protein,
and its dynamics were analyzed by NMR relaxation
experiments. The results from the NMR experiments were
used to compare and analyze spectra of ligand-bound
FABP-4; the structural changes between ligand-free and
ligand-bound FABP-4 provided exciting, new insight
about the structure transitions of the protein. This research
and its current findings will provide a better understanding
on how the structure of FABP-4 is related to its function,
its relationship to the development of diabetes, and

ECOLOGY AND
ENVIRONMENTAL SCIENCE
ECOLAB INTERNSHIP
Samantha Barker, Mark Habeck, and Joel Light
(Advisor)
Department of Biology and Biochemistry
University of Northwestern–St. Paul, St. Paul, MN
The purpose of this case study is to evaluate the
environmental impact and efficiency of Ecolab’s new
Nexa Concentrate hand-care products by comparing them
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with Hillyard’s soap-dispensing system. These are the
main soap dispensers being studied along with a few
independent dispensers used as controls. We monitored
soap consumption trends by manually collecting data
biweekly including the mass of each soap cartridge, the
time and date at which the mass of each cartridge was
observed, the last refill date, and the refill number for each
dispenser. In regard to environmental sustainability, we
will calculate and compare the plastic waste and soap
waste generated by each dispenser system, as well as
greenhouse gas emissions produced by shipping the
product from the distributor to the University of
Northwestern–St. Paul. We hope to prove that the Nexa
Concentrate hand-soap dispenser system is more
environmentally friendly, efficient, and cost-effective
when compared with Hillyard’s hand-soap dispenser
system.

changing the bed rails to copper would have the greatest
impact on HAI. Because of their irregular shape, bed rails
are expensive to replace. For those hospitals that cannot
afford to replace bed rails, correct glove and hand
sanitizing should be emphasized and patients should wash
or sanitize their hands before eating to prevent the spread
of these microbes.
STUDYING INSECT DIVERSITY, ABUNDANCE,
AND TROPHIC COMPLEXITY IN
RECONSTRUCTED GRASSLAND HABITATS
NEAR AUSTIN, MINNESOTA
Chad Cyboran and Jeff Port (Advisor)
Department of Biology
Bethel University, St. Paul, MN
Insects are key components of ecological systems and have
numerous uses in agriculture, medicine, scientific
research, and other areas. Because of this, it is important
that an effort is made to preserve natural insect
communities. Previous studies have linked insect
productivity and diversity with their surrounding plant
communities, and it has generally been found that higher
plant diversity and productivity has allowed for a higher
diversity of insects. Also, an increase in plant resources
may lead to an increase in trophic roles that can be filled
by primary and secondary insect consumers. The aim of
this study was to analyze insect presence within an area of
reconstructed grassland near Austin, Minnesota; a site
which contains replicate plots of forbs, tall forbs, cool
season grasses, and warm season grasses. Local insect
communities were examined within each of these plots to
compare differences in diversity, abundance, and trophic
complexity. Insects were collected over three sessions in
early, middle, and late summer; collection methods
consisted of pitfall traps, elevated pan traps, and sweep
nets. The results showed some variation in diversity
between plot types; however, they did not differ from one
another statistically for any of the three collection
methods. Overall individual abundance also varied but did
not differ between plots, while total number of families
was found to differ between plots among only the sweep
net collections (psweep = 0.0462). Further analysis found
fewer total families in the warm-season grasses than both
the forbs (p = 0.02370) and the tall forbs (p = 0.0370). In
terms of trophic complexity, insect communities in
varying plots also did not differ statistically. From these
results, we can conclude that warm-season grasses alone
may limit family diversity. Because the results contain no
further statistical significance, it is evident that insect
communities have limited variation between different
prairie habitats at this study site. Since some trends in
variation appear to exist, there may be the potential for
greater significance in a larger-scale study with differing
prairie habitats that are spatially separated from one
another.

THE MICROBIAL BURDEN ON COMMON
HOSPITAL SURFACES: A PILOT STUDY IN
PREPARATION FOR THE SURFACES TO BE
REPLACED BY ANTIMICROBIAL COPPER
Miranda Chimzar and Betsy Martinez-Vaz (Advisor)
Department of Biology
Hamline University, St. Paul, MN
In the United States in 2002, 1.7 million people suffered
from hospital-acquired infections (HAI), which caused
almost 10,000 deaths and led to 176.4 million days in the
hospital. The Centers for Disease Control and Prevention
have guidelines for minimizing the outbreaks of HAI. One
way to lower the number of microbes causing these
infections is through the use of antimicrobial copper.
Before hospital surfaces can be replaced with copper it is
important to know which surfaces have the highest
microbial burden, or largest amounts of bacteria, viruses,
and fungi. It is also important to look at the cost of
changing these surfaces to copper in comparison with the
impact they would make on the number of HAI. This pilot
study assesses the microbial burden on a number of
hospital surfaces by counting the colony-forming units per
square centimeter (CFU/cm2), using Kirby-Bauer
Diffusion assays to test for antibiotic resistance and
sequencing microbial DNA. Samples were taken at an
acute-care hospital with 64 beds, following the procedure
from Attaway (2012). It was found that bed rails had the
highest CFU/cm2 followed by the wound cart, a cart that
traveled from room to room for treating patients with open
wounds; bedside tables; computer mice; and chair arms.
Samples were tested for the genus Staphylococcus. The
bedrail was the only surface containing Staphylococcus
aureus that was further tested using a Kirby-Bauer
Diffusion Assay, which suggested resistance to ampicillin,
penicillin, and potentially tetracycline. Colony Polymerase
Chain Reaction (PCR) was performed on the wound cart
and the DNA was purified for sequencing. Bacteria on the
wound cart were found to be from the bacillus and
possible sporosarcina genera. Based on these results,
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THE EFFECTS OF STRIP-TILLING ON SOIL
CHARACTERISTICS AND YIELD IN
SOUTHEASTERN MINNESOTA CORNFIELDS
Nora Flynn and Kathleen L. Shea (Advisor)
Department of Biology
St. Olaf College, Northfield, MN

ounce containers and fed carrot and dill leaves. Once
pupation occurred, approximately 30 hosts were exposed
to Pt. puparum or Pt. cassotis wasps, with half being
exposed to each. The trials were checked periodically. The
wasps were allowed access to the chrysalises for 48-72
hours, then removed from the containers, which were
placed aside until emergence of either a butterfly or wasps
occurred. If wasps emerged, the wasps were sexed and
counted and the chrysalises dissected. From these data, an
evaluation of how successful the wasps were at
parasitizing the pupae was obtained. As a result of this
experiment, knowledge on whether Pt. puparum and Pt.
cassotis can parasitize an untested butterfly species was
obtained. The preliminary results obtained from this
experiment support the hypotheses made. Pt. puparum was
successful in parasitizing P. polyxenes while Pt.
cassotis was unsuccessful. There has not yet been research
done on this topic, and findings will improve general
knowledge and understanding of Pteromalus wasps. A
more comprehensive understanding of the wasps’ ability
to parasite various organisms will result in a more
complete and complex understanding of the relationships
between, and potential conservation needs of, all species
involved.

The soil quality of agricultural fields in southeastern
Minnesota is of major concern for maintaining fertile soil,
profitable crop growth, and reduction of environmental
impacts due to agriculture. This study sought to examine
the effects of strip-tilling, a method of conservation tillage
that was designed to preserve soil quality and maintain
high yields. The four fields involved in this study had been
under strip-till for varying lengths of time: Field ST10 was
in strip-till for 10 years, ST5 for 5 years, ST1 for 1 year,
and CT1 was strip-tilled for 9 years and then
conventionally tilled in the spring of 2014 after the
installation of a tile drainage system. Soil water infiltration
time decreased with increased time spent under striptillage, although it was not statistically significant. Soil
moisture was found to be higher in fields that had been in
consecutive strip-till for more years (p<0.05). Fields that
had been more recently conventionally tilled had
significantly higher bulk density at the deeper depth (1530 cm) (p<0.05). There were no significant differences in
soil organic matter among fields, although all fields were
found to be above the acceptable level. The conventionally
tilled field, CT1, had the highest yield and highest profit
for this year, followed by fields ST10, ST1, and ST5. The
data collected in this study give farmers information about
the changes they might expect to see if they switch to striptill and confirm that switching to strip-till is accompanied
with positive effects on soil-quality characteristics.

FORAGING PATTERNS OF WOODPECKERS IN
SUBURBAN FORESTS WITH VARIED DENSITY
OF EMERALD ASH BORERS (Agrilus
planipennis) INFESTATION
Aurora Hood, Aaron Rau, and Dale Gentry (Advisor)
Department of Biology
University of Northwestern–St. Paul, St. Paul, MN
Woodpecker feeding habits can change in response to
novel sources of prey. One of those sources is the emerald
ash borer (Agrilus planipennis), an invasive species that is
causing a significant management challenge around the
United States. To see if woodpeckers change their feeding
habits in response to the presence of emerald ash borers,
we studied the foraging of woodpeckers in suburban Saint
Paul, Minnesota, in three areas based on their level of
infestation–heavy, light and no infestation. We made
foraging observations of woodpeckers, noting the species
of tree they were on and what behavior they exhibit while
on that tree. We have observed four species of woodpecker
on eight species of trees. Our early results are inconclusive
but suggest that woodpeckers may be showing a tendency
toward foraging on ash trees (Fraxinus spp.) more often
that would be expected based on ash density. If confirmed,
this finding suggests that woodpeckers may play a
significant role in slowing the spread of emerald ash
borers.

ABILITY OF Pteromalus WASPS TO PARASITIZE
Papilo polyxenes
Lauren Henrich and Karen Oberhauser (Advisor)
Department of Ecology, Evolution, and Behavior
University of Minnesota–Twin Cities, St. Paul, MN
Pteromalus puparum and Pteromalus cassotis are known
parasites of various butterfly pupae. Pt. puparum is a
generalist wasp, known to attack dozens of host
species. Pt. cassotis is thought to be a specialist parasitoid
of Danaus plexippus (monarch butterfly). The ability of
these two wasp species to parasitize a previously untested
potential host, Papilo polyxenes (black swallowtail), is
new information. Monarchs sequester cardenolides from
the milkweed they feed on. The black swallowtail does not
sequester toxins, thus making for an interesting
comparison. It was hypothesized that the generalist
wasp, Pt. puparum, would have more success in
parasitizing the nontoxic host P. polyxenes due to its ability
to parasitize a wider variety of hosts. The wasp specialized
to parasitizing D. plexippus would be less able to
parasitize P. polyxenes due to the specification of its
system. Black swallowtail caterpillars were raised in 16-

18

UNDERGRADUATE SYMPOSIUM ABSTRACTS
USE OF DNA TO IDENTIFY THE OCCUPANTS
OF NEST BOXES IN WINTER
Elizabeth Jonas, Vicky Yang, Kirsten Triller, and Dale
Gentry (Advisor)
Department of Biology and Biochemistry
University of Northwestern–St. Paul, St. Paul, MN

but longer-term data sets across multiple years are still
needed before firm conclusions can be drawn.
FIRE ECOLOGY AND BIRDS: BIODIVERSITY
OF BIRD SPECIES IN THE ST. OLAF COLLEGE
NATURAL LANDS
Emily Patterson and Kathleen Shea (Advisor)
Department of Biology
St. Olaf College, Northfield, MN

Woodpecker cavities and nest boxes are a critical resource
as roosting sites for many animals in the winter. However,
much remains to be discovered about the patterns of use
for different species and cavity characteristics. We studied
which species use artificial nest boxes during the nonbreeding season. We collected feather and hair samples
found in nest boxes. In the lab, we extracted the DNA
using a DNAEasy kit, amplified the DNA using PCR, and
ran gel electrophoresis to determine if DNA was present in
each sample. With six weekly visits to 14 nest boxes, we
collected 18 samples, 14 feathers, and 4 hairs. We are
perfecting our protocol, and we hope to use future results
to determine the role artificial nest boxes play in forest
ecosystems.

Due to the alteration of grasslands into agricultural lands,
as well as the overgrazing of livestock, the amount of area
covered by natural prairies has declined in the United
States. This decline has also caused a decline in the
populations of bird species that use grasslands, both for
breeding and as stop-over sites. Recently, efforts have
been made to restore some of the lost prairie, such as the
restored tallgrass prairie on the St. Olaf College Natural
Lands. To simulate disturbances that would affect a natural
prairie, St. Olaf College organizes times for sections of the
prairie to be burned, which then creates a mosaic of
different habits, ranging from primarily grasses to
primarily forbs. I looked at these different sections to see
if a difference in biodiversity of bird species could be
found, to see if certain species of birds preferred certain
sections of prairie, and to document grassland bird species
present on the St. Olaf Natural Lands. I found that while
there wasn't a significant difference among more common
sparrow species and their preferred locations, when all bird
species were considered, there was a higher diversity in
one section burned in 2010 than a section burned in 2014,
suggesting that some difference between the two sections,
likely the biodiversity of plants species, enhances bird
diversity. These results suggest that a mosaic of burn
patterns leads to increased biodiversity.

ADAPTATION TO CURRENT AND FUTURE
CLIMATE IN AN OAK FOREST HABITAT
RESTORATION PROJECT
Abby Lown and Simon K. Emms (Advisor)
Department of Biology
University of St. Thomas, St. Paul, MN
As climate change affects environmental pressures on
native plant communities, conservation biologists may
need to adopt novel approaches to preserving and restoring
native habitat. Our research addresses whether one such
approach–assisted migration– might be beneficial in the
restoration of native oak forests in southeastern
Minnesota. This project began in Fall 2012 with the
planting of 500 bur oak, Quercus macrocarpa, seedlings
at Fish Creek Preserve, Maplewood, Minnesota. The
seedlings were of two potential ecotypes, one from the
Twin Cities area and one from southern Wisconsin.
Despite being slightly smaller at planting, local seedlings
put on more new stem growth each year than the southern
seedlings and by summer 2014 were slightly, but
significantly, taller, although with narrower stem
diameters. While there was no difference in the total
number of leaves produced in 2014, southern seedlings
produced significantly larger leaves in both 2013 and 2014
when controlling for height at the start of the growing
season. In 2014, local and southern seedlings did not differ
significantly in photosynthetic rate, transpiration rate, or
water use efficiency. However, local seedlings showed
slightly elevated levels of physiological stress, as
measured by nighttime chlorophyll fluorescence. They
also survived slightly less well than southern seedlings,
although mortality rates were extremely low for both
groups. Assisted migration appears to have no immediate
costs in terms of the performance of introduced ecotypes,

GRASS GROWTH AND VIRAL TRANSMISSION
RATE IN RESPONSE TO RPV INFECTION AND
NUTRIENT AVAILABILITY
Tashina Picard, Amy Kendig (Advisor), Eric Seabloom
(Advisor), and Elizabeth Borer (Advisor)
Department of Ecology, Evolution, and Behavior
University of Minnesota–Twin Cities, St. Paul, MN
Barley and cereal yellow dwarf viruses (B/CYDVs) are
transmitted by grass-feeding aphids and impact the
environment and agriculture by decreasing grass health. A
growing amount of evidence suggests that increased
nutrient levels, particularly of nitrogen (N) and
phosphorous (P), can alter the prevalence, transmission,
and virulence of pathogens. However, it’s not well
understood what the relationships between these factors
are. Higher nutrient levels may increase the growth rate
and carrying capacity of RPV, a B/CYDV species. Thus,
higher levels may indirectly increase the chance of
successful disease transmission due to higher virus
concentrations. Higher nutrient levels are expected to
increase plant growth while larger virus quantities
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decrease growth. In agricultural fields, the disease
symptoms, including stunted growth, are seen despite high
nutrient availability, which is expected to counter
virulence. Therefore, it is expected that the effects of
viruses on plant characteristics, including growth and
chlorophyll concentrations, will outweigh those of
nutrients resulting in an overall negative effect on the
plants. In this study, grasses (Avena sativa) were grown in
different nutrient treatments and infected with RPV via
virus-carrying aphids (Rhopalosiphum padi). To test
transmission, aphids that acquired viruses by feeding on
infected tissue were then used to infect healthy
plants. Quantitative PCR was used to examine RPV
growth rate over time. Preliminary results suggest that
RPV growth isn’t significantly influenced by nutrient
availability, but that higher nutrient levels generally
increase rate of transmission. Preliminary results further
suggest that high virus concentration may increase
virulence.
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THE EFFECTS OF VARYING RATES OF
NITROGEN FERTILIZER AND NITRIFICATION
INHIBITOR ON SOIL NUTRIENTS, YIELD, AND
PROFIT IN SOUTHEASTERN MINNESOTA
CORNFIELDS
Kate Seybold and Kathleen Shea (Advisor)
Department of Biology
St. Olaf College, Northfield, MN
Nitrogen fertilizer is critical for intensive agriculture, yet
only 30-50% of nitrogen applied to agricultural land is
taken up by crops, and most excess nitrogen is
unaccounted for at the end of the growing season. This loss
of unused nitrogen accounts for environmental pollution,
as well as financial loss for farmers. This research
evaluated two strategies for improving nitrogen
management: application of nitrogen fertilizer at an
optimum rate, and the application of a nitrification
inhibitor product. To do this, I examined the extent to
which a nitrification inhibitor (ContaiN by AgXplore) and
four fertilizer rates (78 kg/ha-258 kg/ha) influenced soil
nutrient retention, physical soil properties, crop nutrient
uptake, yield, and profit on two agricultural fields. On
Field One, NO3-N concentrations significantly increased
with higher fertilizer rates in July (p<0.05), demonstrating
how excessive fertilizer application can result in excessive
amounts of nitrogen in the soil. Yields and profits did not
vary significantly among the various fertilizer rates,
suggesting that farmers can lower fertilizer rates to apply
optimal amounts of fertilizer that maximize profit. The
presence of the nitrification inhibitor significantly
increased NH4+ among shallow soil samples (0-15cm)
(p<0.05) in July on Field Two. The nitrification inhibitor
increased yields and profits only when applied with a
fertilizer rate of 146 kg N/ha. General conclusions were:
(1) the effectiveness and profitability of the nitrification
inhibitor varied depending on the fertilizer rate with which
the inhibitor was applied, and (2) the most cost-effective
strategy for improving nitrogen management was to apply
less fertilizer.

EVALUATION OF TWO SCREENING METHODS
FOR EVALUATING FOR PARTIAL RESISTANCE
TO ROOT ROT CAUSE BY Fusarium graminearum
IN SOYBEAN
Marissa Scherven and James E. Kurle (Advisor)
Department of Plant Pathology
University of Minnesota–Twin Cities, St. Paul, MN
Fusarium graminearum is an important cause of root rots
of soybean. The most effective method of limiting losses
to this pathogen is partial resistance. Screening for partial
resistance requires inoculation of seedling roots during
germination. Ideally, the screening method is simple and
economical and produces uniform infection that can be
evaluated easily and objectively. Our objectives were to
compare screening methods for economy in application
and uniformity of symptom expression. Based on previous
research, we selected the rolled towel assay and the
infested rice inoculum method for evaluation. Four
soybean cultivars with known susceptibility to infection
were
inoculated
with
an
aggressive F. graminearum isolate. In the rolled towel
assay F.graminearum conidia in mung bean broth was
applied at three concentration rates to surface-sterilized
seeds. In the rice inoculum assay, infested rice was mixed
at five rates, 0, 40, 60, 80, 100:1 in a soil:inoculum
mixture. Data collected included root lesion severity, root
and shoot length, and root dry weight. The rolled towel
assay was simple and economical, but results were highly
variable and fungal contamination interfered with
symptom evaluation. Results of the rice inoculum assay
depended on the variable evaluated. Shoot and root lengths
were highly variable and poorly correlated with
inoculation rates. Root lesion severity and root weights
were correlated with inoculation rate and exhibited
acceptable variability. Although the rice inoculation
method is laborious, it was the most reliable and

NESTING HABITS
OF Sciurus carolinensis AND Tamiasciurus hudsonicu
s ON CONCORDIA COLLEGE CAMPUS IN
MOORHEAD, MINNESOTA
Carley Spiese, Elli Emerson, Katie Black, Joseph
Whittaker (Advisor), and Philip Glogoza (Advisor)
Department of Biology
Concordia College, Moorhead, MN
Sciurus
carolinensis
(gray
squirrel)
and Tamiasciurus hudsonicus (red squirrel) are two
species of squirrels found on the Concordia College
Moorhead campus. Nest site selection is crucial for
survival as it provides thermoregulation and protection of
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food caches. Past research found that the two species living
in the same microhabitat chose distinctly different tree
species (coniferous or deciduous) and nest heights.
Therefore, we hypothesized that was there would be
differential
nesting
habitats
between T. hudsonicus and S. carolinensis based on tree
species and nest height proportional to the tree height. In
order to determine their nesting behaviors based on tree
species and height, radio-collared specimens were tracked
on campus boundaries using methods of telemetry and
hypsometry. We concluded that there was significant
evidence for differential selection of nests based on tree
species between the two squirrel species, although current
work will allow us to draw conclusions about the
relationship between squirrel species and the proportion of
tree habitat used. Further research could expand out onto
different local colleges of the Fargo-Moorhead area to
investigate whether or not similar patterns between
squirrel behavior emerge.

pH
levels,
assays
were
performed
on
several Sinorhizobium strains at the same pH growth
conditions of the Medicago.
SPATIAL AND BEHAVIORAL ECOLOGY OF
AMERICAN RED SQUIRRELS
(Tamiasciurus hudsonicus) AND GRAY SQUIRRELS
(Sciurus carolinensis) IN AN URBAN SETTING
Jessica Watson, Caitlan Hinton, Peter Bergquist, Eric Yu,
Brian Bickel, Elizabeth Robinson, Elizabeth Underthun,
and Joseph Whittaker (Advisor)
Department of Biology
Concordia College, Moorhead, MN
Squirrels are conspicuous members of the community and
are one of the few wildlife species that have been
successful in adapting to the urban landscape. However,
relatively little has been published about the interaction of
species in an urban setting, especially where American red
(Tamiasciurus
hudsonicus)
and
gray
(Sciurus carolinensis) squirrels co-exist. Generally, red
squirrels are associated with coniferous forest where they
tend to establish territories that they aggressively defend,
while gray squirrels are more often associated with
deciduous forest and establish a dominance
hierarchy. When they occupy the same area, there are
reports that red squirrels are more aggressive and even
displace gray squirrels, but detailed studies fail to support
aggressive
behaviors
between
the
two
species. Concordia College’s campus is a unique setting
where both the red and gray squirrels are found occupying
the same area. The goal for this project was to gain a better
understanding of how the red and grey squirrels use the
campus habitats. In order to study home range, habitat use,
and behavior on Concordia College’s campus, we began
conducting live trapping of squirrels in August 2014.
Captured squirrels were anesthetized and fitted with radio
transmitter collars. To date we have collared 26 squirrels
(15 red squirrels and 11 gray squirrels) and have
documented over 340 locations. We have observed gray
squirrels nesting communally on campus, especially
during the colder months, and have noted that they are
almost entirely found associated with deciduous trees.
Conversely, red squirrels appear to be much more solitary
and are almost always associated with coniferous trees.
We have had several observations of red squirrels moving
through or foraging in deciduous trees, but all nest
locations and the majority of locations have been in
conifers. Our observations indicate that gray squirrels have
a large home range and may move on and off campus,
while the red squirrels have a much smaller home range
and generally remain in or near the same cluster of
conifers.

RESPONSES TO pH STRESS IN Sinorhizobium
STRAINS: A PRELIMINARY STUDY
Ashley Steevens and Betsy Martinez-Vaz (Advisor)
Department of Biology
Hamline University, St. Paul, MN
Symbiosis between bacteria and plants is a vital part of
agriculture in the world today. For example, legumes are
plants known for their nitrogen-fixing abilities, due to their
symbiotic relationship with bacteria in their roots. This
relationship has not been studied under alkaline
conditions, and many agricultural soils are either so
alkaline or acidic as to hinder bacterial growth and
establishment of a viable nitrogen-fixing symbiosis with a
legume host (Hirsch, 2007). Even if an association is
established, the bacteria may not even survive once the
crop is harvested (Davet, 2004). Understanding the
physiological responses and symbiotic phenotypes under
alkali stress could be helpful to farmers growing legumes
in places with alkaline soils (Glick, 2013). This experiment
was a preliminary study that looked into the physiological
responses of an alfalfa plant, Medicago truncatula, and
nitrogen-fixing bacterium, Sinorhizobium meliloti, strains
under such conditions. Any information about how the
alfalfa plants and their bacteria grow under abiotic stress
can help understand the mechanisms of stress response.
The experiment had three different stages: researching
potential genes of importance, manipulating the plants, and
evaluating the pH results. To start, using Bioinformatics to
search for genes and proteins of the Sinorhizobium strains
known to impact alkaline stress response. Through this
analysis it was determined that a particular protein, PHA
proteins,
involved
in
alkaline
resistance inSinorhizobium strains might aid the study
(Putnoky et al., 1998). Then, the experiment required
growing Medicago at pH 6, 7, 8, and 9 both
with Sinorhizobium RM1022 and without bacteria added.
Finally, to determine how well the bacteria grew at these
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programs that are guaranteed to perform in the way
expected of them. Functional programming languages take
on a special importance in this setting. Such languages
provide a high level of abstraction that makes it easier to
construct complex programs and to simultaneously ensure
that they possess certain mathematical properties related to
their correctness. However, the practical use of such
languages depends also on the ability to transform
programs written in them into low-level instructions that
can be run efficiently on existing computers. For this
project, I have investigated two classical and influential
models of compilation for functional languages. The first
is based on a virtual machine called the Categorical
Abstract Machine, and the second uses a programming
technique called continuation-passing style to transform
programs into a form that is easy to run on regular
hardware. I have implemented these approaches for a
small but representative fragment of functional
programming languages. I am now using these
implementations to understand the essential differences
between the two approaches and how these differences
impact efficiency. To my knowledge, such a comparison
has not been made before and thus constitutes an original
contribution.

ENGINEERING
MODELING FLOW RATES AND OPTIMIZING
THE REACTION BETWEEN SODIUM
BOROHYDRIDE AND ETHYLENE GLYCOL FOR
USE IN A PORTABLE FUEL CELL
Brent Vizanko1 and Steven Sternberg2 (Advisor)
1
Department of Chemical Engineering, University of
Minnesota–Twin Cities, Minneapolis, MN
2
Department of Chemical Engineering, University of
Minnesota–Duluth, Duluth, MN
The reaction between sodium borohydride and ethylene
glycol was studied in order to optimize the production of
hydrogen and the flow of ethylene glycol was modeled for
efficient delivery to the reactor. The reaction was carried
out with the sodium borohydride dissolved in diglyme and
then without the diglyme. It was found that the reaction
progressed normally without the diglyme, simplifying
further tests. The reaction was tested with differing weight
percentages of ethylene glycol in order to find the
concentration that optimized the reaction and produced the
most consistent stream of hydrogen. For each test a threeway round bottom flask was used to facilitate the
reaction. A predetermined amount of sodium borohydride
was added to the flask. A tube connected to a hydrogen
fuel cell was fed into the flask using a rubber stopper and
then the ethylene glycol was added via a syringe. The
voltage produced by the fuel cell was measured and then
plotted with respect to time. It was found that 75%
ethylene glycol was the optimal amount for this reaction. A
separate experiment was conducted in order to design a
delivery system which related the height of liquid in the
holding tank with the time that a pinch valve was opened.
The formula was derived using Bernoulli’s equation and
then this was used in a LabVIEW program interfaced with
a pinch valve. Both of these experiments were conducted
under the umbrella of a larger project conducted by Steven
Sternberg on a battery alternative using a hydrogen fuel
cell. The fuel cell is powered by the reaction described
above and the delivery system is needed for the delivery of
ethylene glycol to the reactor.

PURSUING THE SADDLE POINT: SOCIAL
SCIENCES VS. NATURAL SCIENCES
Gilbert Penaherrera and Derek Webb (Advisor)
Department of Mathematics and Computer Science
Bemidji State University, Bemidji, MN
Every day, whether or not it’s obvious, we use strategy to
face the day. Turning these decisions into numerical values
can allow us to take action in the most efficient manner.
However, does the discipline a student decides to peruse
dictate how much of a strategist they are? The purpose of
this research is to find this out via simple zero sum matrix
games and a simple questionnaire. Subjects will access
these demographic questions, through the internet, using
Google Survey and then be directed to play a computer
game. The interactive game portion will be presented as a
numerical matrix with given strategies. Within the game
matrix there will hold at least one, but no more than two,
mathematical saddle points. The saddle point, or
equilibrium point, is the point where the student
participating gains the most while losing the least amount
of points possible. The games given will be a zero-sum
game which means the net loss and the net gain between
the two players’ sum is zero. The objective of the research
is to determine if there is a correlation in success between
natural sciences and social sciences. Ultimately, it’s a
game within a game.

MATH AND COMPUTER
SCIENCE
A COMPARISON OF APPROACHES TO
COMPILING FUNCTIONAL PROGRAMMING
LANGUAGES
Kesha Hietala and Gopalan Nadathur (Advisor)
Department of Computer Science
University of Minnesota – Twin Cities, Minneapolis, MN
The extensive dependence of modern-day society on large
software systems places a premium on tools for producing
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deficits in NMDA receptor activity, we predicted that we
would observe less synchronous neural activity between
pairs of neurons. We compared the timing of action
potentials between neural pairs, and found that, in general,
PCP significantly disrupts the connection between cells.

NEUROSCIENCE
EXPRESSION AND PURIFICATION OF THE
FUNCTIONAL SILICA-BINDING PROTEIN
FUSED WITH RGD MOTIF FOR NEURAL
TISSUE ENGINEERING
Amien Masroujeh, Asma Adam, Anna Augstine, Jordan
Bruss, and Mong-Lin Yang (Advisor)
Department of Biology
Concordia University St. Paul, St. Paul, MN

EFFECT OF MICROGLIAL ACTIVATION ON
SCA1 PATHOLOGY
Daniel Svedberg and Marija Cvetanovic (Advisor)
Department of Neuroscience
University of Minnesota–Twin Cities, Minneapolis, MN

Disorders such as Parkinson’s disease (PD), Alzheimer’s
disease (AD), and traumatic brain injury (TBI) result in
nerve cell degeneration and damage. Incapability of nerve
cell regeneration subsequent to nerve damage or severance
is debilitating for patients. Our project focuses on testing a
novel inorganic material as a potential scaffold for neural
tissue engineering. We specifically fabricated an
electrospun mesoporous silica nanofiber (SNF) as a
scaffold that mimics the extracellular matrix (ECM) in
providing a three-dimensional structure for cell growth. To
modify the surface for cell attachment, we then designed a
recombinant protein (SB-RGD-His) that contains a silicabinding protein (SB) fused with an RGD peptide acting as
a cell adhesion motif and His-tag for purification. SBRGD-His fusion proteins were successfully expressed
in Eschericha coli Rosetta (DE3) pLys and purified using
a Histidine (His) nickel column. Successful silica-binding
ability of the fusion protein was further demonstrated
using immunocytochemistry and immuno-precipitation.
Finally, primary embryonic hippocampal neurons were
shown to successfully grow and differentiate on silica
surfaces. These results indicate that SB-RGD-His fusion
protein could serve as a coating biologic to support and
promote neuron growth and differentiation on silica-based
substrates for neural tissue engineering.

Microglia are the resident immune cells of the brain. In the
context of neurodegenerative diseases microglia become
strongly activated, although the functions of this activation
are not fully understood. SCA1 is a dominantly inherited
neurodegenerative disease that affects the cerebellum,
caused by a polygutamine repeat tract in the ATAXIN1 gene. Our mouse model of SCA1 contains a
mutant ATAXIN-1 transgene expressed in the Purkinje
neurons of the cerebellum. These mice exhibit motor
deficits and cerebellar pathology similar to SCA1 patients.
To study the role of microglial activation in SCA1, we
have combined our mouse model of SCA1 with a
microglia-specific genetic modification that inhibits NFkappaB-mediated
neuroinflammation.
Neuroinflammation and neuronal degeneration in
cerebella from these mice were analyzed using
immunohistochemical staining to examine microglial
activation, astrogliosis, and neuronal pathology. Our data
show that inhibition of microglial NF-kappaB activity
reduces microglial and astroglial activation in the
cerebellum, suggesting that the NF-kappaB pathway
regulates microglial activation, and that activated
microglia are required for astrocytic activation.
Additionally, we demonstrated worsened neuronal SCA1
pathology in the neuroinflammation-inhibited SCA1 mice,
suggesting that microglial activation may provide
neuroprotective functions in the context of SCA1, and
perhaps other neurodegenerative diseases.

THE ROLE OF NMDA RECEPTORS IN NEURAL
COMMUNICATION
Aisha Mohamed and David Crowe (Advisor)
Department of Biology
Augsburg College, Minneapolis, MN

IMMUNOMODULATORY EFFECT OF OREXIN A
ON PALMITIC ACID-ACTIVATED MICROGLIA
Lauren E. Wisdorf1, Cayla M. Duffy1,2, Ce Yuan1,2,
Joshua P. Nixon1,2 (Advisor), and Tammy A.
Butterick1,2 (Advisor)
1
Department of Food Science and Nutrition, University of
Minnesota–Twin Cities, St. Paul, MN
2
Veterans Administration Health Care System,
Minneapolis, MN

Schizophrenia is a mental illness characterized by
disordered thought; however, the causes of this disorder
are largely unknown. It is thought that the underlying
cause of schizophrenia is a disruption in normal neural
connectivity. There are two main hypotheses that try to
explain this disruption: the dopamine hypothesis and the
glutamate receptor or N-methyl-D-aspartate (NMDA)
hypothesis. Here we explore the second hypothesis. In an
animal model of schizophrenia, we were able to replicate
specific cognitive deficits seen in schizophrenics by
administering the NMDA receptor antagonist
phencyclidine (PCP). We then recorded neural activity in
the presence and absence of PCP. If schizophrenia is
characterized by a disconnection between neurons due to

Diets high in saturated fatty acids (SFAs) are known to
contribute to obesity and related diseases. Palmitic acid
(PA), an abundant SFA, increases oxidative stress and
inflammation in peripheral tissues and the central nervous
system (CNS). High intake of SFAs activates microglia to
a toxic M1 state in the CNS. In effect, pro-inflammatory
cytokinds are secreted via the toll-like receptor-4/nuclear
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factor kappa-light-chain-enhancer of activated B cells
(TLR4/NFκB) pathway. Orexin A (OXA) is a
hypothalamic peptide involved in eating behaviors,
sleep/wake cycles, and energy expenditure. Our lab has
demonstrated OXA to be neuroprotective by decreasing
lipid peroxidation and apoptosis. OXA has also been
shown to protect against neuroinflammation through a
microglial-mediated pathway and activation of orexin
receptors (OX1R and OX2R), but these mechanisms
remain undefined. The long-term objective of this study is
to determine if OXA reverts SFA-activated microglia to an
anti-inflammatory M2 state. To test this hypothesis, cells
from an in vitro murine microglial cell line (BV2) were
stimulated with PA (0.1 mM) with or without OXA (300
nM). Expression of genes indicative of M1 phenotype
(NFκB, tumor necrosis factor alpha (TNFα), interleukin 6
(IL-6)) and M2 phenotype (OX1R, OX2R, interleukin 4
(IL-4)) will be measured by qRT-PCR and ELISA.
Ongoing work is of great importance as it will provide
novel insight on the effects of SFAs on neuroinflammation
and obesity.

MERCURY DISTRIBUTION IN ELEVEN
ORGANS IN NEONATAL RAT PUPS BORN TO
TREATED MOTHERS
Beshoy J. Botros, Sophia R. Larson, and Bruce M. Simat
(Advisor)
Department of Biology and Biochemistry
University of Northwestern–St. Paul, St. Paul, MN
The organ distribution of mercury in neonatal rats was
surveyed after intraperitoneal injections of mercury into
pregnant females throughout their gestation. Due to the
toxic nature of mercury, any consumption of or exposure
to this metal in any of its forms may lead to mercury
poisoning. The results of previous research show that
when females are exposed to mercury during pregnancy,
the metal crosses the placental barrier. This consequently
affects the fetus and may lead to offspring with birth
defects or developmental disorders (Davidson, 2004). In
this study, experimental female Sprague Dawley rats were
injected daily with 200 micrograms of mercury (0.1 ml,
i.p.) from day 1 through day 19 of their 21-day gestation
period. Controls were injected with the physiologic saline
diluent. Upon birth, all rat pups were eviscerated and
eleven select organs were collected, pooled by litter, and
weighed. All tissues were frozen at -80 C until
homogenization in 8M nitric acid. Supernatants were
stored at -20 C until analysis of mercury content using
mass spectrometry. An initial result implicates several
fetal tissues involved in mercury accumulation. Additional
studies look to confirm this observation of mercuric
chloride and then, further, to compare the migration of
methyl mercury into fetal tissues. Mercury measurements
are still in process at the time of this abstract.

ORGANISMAL AND
PHYSIOLOGICAL SCIENCES
MATRIX METALLOPROTEASE EXPRESSION IN
THE IRON-DEFICIENT NEONATAL RAT BRAIN
Carl Anderson and Grant Anderson (Advisor)
Department of Chemistry and Biochemistry
University of Minnesota–Duluth, Duluth, MN
Iron deficiency (FeD) is a major contributor to infant and
adolescent morbidity throughout the developing world.
One of the important sequela of iron deficiency is
abnormal brain development. We have recently shown
that FeD during development leads to maldevelopment of
the brain vasculature. We speculate that abnormalities in
the vasculature may contribute to impaired function of the
developing brain. This study aims to identify novel genes
associated with the brain vasculature that exhibit a
significant difference in gene expression level in FeD vs.
control rats. Proteins in the matrix metalloproteinase
(MMP) family assist in the degradation of the extracellular
matrix (ECM), which is a necessary step in angiogenesis.
If FeD is correlated with induction of angiogenesis in the
developing brain, proteins in this family will likely exhibit
altered expression levels in FeD neonatal rat brains. To test
this hypothesis, we measured the postnatal day 12 brain
mRNA expression levels of MMP genes using quantitative
real time RT-PCR. We determined that the MMP-9 gene
had significantly higher expression (46.9% with a P value
of 0.03) in FeD rats when compared with control animals.
Since MMP-9 has been shown to take an active role in the
degradation of the ECM, this finding indicates that FeD is
correlated with ECM degradation, and is involved in the
induction of angiogenesis.

ARE FINDERS ALWAYS KEEPERS?
UNDERSTANDING THE INFLUENCE OF
COURTSHIP RESIDENCY ON MALE CONTEST
OUTCOMES IN THE COOK STRAIT GIANT
WETA (Deinacrida rugosa)
Morgan DePerno, Jose A. Alvarez, Lauren K. Yares,
Chandler B. Nielsen, Carrie L. Hall (Advisor), and Daniel
R. Howard (Advisor)
Biology Department
Augustana College, Sioux Falls, SD
The giant weta belongs to a genus of New Zealand
endemic insects exhibiting female-biased size
dimorphism. Deinacrida rugosa males are known to move
great distances each night while foraging and searching for
mates; size and mobility in males are thought to be under
direct sexual selection. This study sought to assess if male
residency status versus size alone (the finders-keepers
hypothesis) influences contest outcomes when males
compete for females. We hand-collected specimens of D.
rugosa on Matiu/Somes Island Scientific Reserve, and
used measurements of right femur length, pronotal width,
and mass to create a morphometric index for each of the
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males. In the presence of a receptive female, we ran malemale contests in resident-intruder combinations, with
larger-smaller (±2 sd) and equal-sized male combinations
in a 2x3 design. We found that males with established
residency (20 minutes of courtship) won more contests
among equal-sized pairings, and that smaller males with
residency won contests at a higher rate than did larger
intruder males. Our findings show that an investment in
courtship shifts the competitive balance in inter-male
contests away from a simple size advantage model.

DIRECT AND INDIRECT INTERACTIONS
BETWEEN COW AND CALF IN WILD FEMALE
AFRICAN ELEPHANTS, Loxodonata africana
Malika-Naomi Jaiswal-Dale1, Jim Ebersole2 (Advisor),
and Diane Angell1 (Advisor)
1
Department of Biology, Saint Olaf College, Northfield,
MN
2
Department of Ecology, Colorado College, Colorado
Springs, CO
Cow and calf Loxodonata africana cohabitate until the
average age of calf maturity, 120 months, which is
approximately 60 months after the average age of
weaning. Data regarding direct and indirect cow
interactions and independent calf behavior were collected
to further understand cow-calf investment and patterns of
autonomous calf behavior. I used opportunistic focal scans
and ad libitum observation of multiple herds in Tarangire
National Park, Tanzania. I found that calves age 0 to 36
months received more direct care interactions, such as
suckling, and fewer indirect care interactions, such as
mimicking feeding, than calves age 60 to 120 months. In
addition, independent calf behavior was the second most
common type of behavior for 0-to-36-month olds and it
was first observed in 24-month-old calves. The presence
of cow care beyond the age of 60 months implies that cow
care and calf enrichment continue after weaning. Other
researchers have found that this additional care reduces the
likelihood of stress-reactive aggression and may further
develop calf vocalization, dominance rank acquisition, and
decision-making capabilities.

ARE NON-HUMAN MAMMALS COLONIZED BY
A Candida albicans-LIKE YEAST?
Margaret Haws and Dana Davis (Advisor)
Department of Microbiology
University of Minnesota–Twin Cities, Minneapolis, MN
The yeast Candida albicans, the main cause of
candidiasis, is specific to the human host environment and
a commensal of the vast majority of humans. Within the
human host, C. albicans resides in the gastrointestinal (GI)
tract and the mouth, and it is well established that C.
albicans undergoes morphological transition between a
yeast and filamentous form in the human host. Although C.
albicans is human associated, on rare occasions it is found
in mammals that reside in human-populated areas. For
example, a study of C. albicans obtained from humans and
wildlife in central Illinois found a geographic relationship
rather than a species-defined relationship among the
isolates. Thus, it appears that the animals are acquiring C.
albicans from humans in the area. Based on these studies,
non-human mammals have C. albicans in their bodies only
when in close contact with humans. However, it has not
yet been widely investigated if animals naturally have a
different fungal commensal that is similar in
morphological character to C. albicans in humans. Here
we show that some yeast strains found in animal scat
samples exhibit similar characteristics to C. albicans when
grown under the same conditions. Various isolates grew at
the same rate as C. albicans when grown in the same media
and conditions. When isolates were grown in media
buffered at varying pHs and serum, we found that some
isolates grew hyphae similar to those of C. albicans. The
results add to current knowledge by demonstrating that
there are fungi in the scat samples that undergo a
morphological transition similar to C. albicans. The
samples also proved to be mammalian commensals rather
than environmental contaminants and therefore may
occupy the same niche in the animal body as C.
albicans does in the human host. These findings can be
used to indicate if these yeasts are a pathogen in animals
just as C. albicans is in humans.

PHYSICS
EDGES: DEEP MULTI-WAVELENGTH
PHOTOMETRY AND RADIAL SED ANALYSIS
FOR UGC8303 AND UGC8320
Christopher Phenicie and Danny Dale (Advisor)
Department of Physics and Astronomy
University of Minnesota–Twin Cities, Minneapolis, MN
New deep imaging in optical wavelengths was obtained on
the Wyoming Infrared Observatory 2.3 meter telescope for
UGC8303 and UGC8320, two galaxies in the Extended
Disk Galaxy Exploration Science survey. These data are
coupled with deep GALEX ultraviolet and Spitzer infrared
imaging to study the radial variations in the spectral energy
distributions. Results from the CIGALE SED modeling
software will be presented, including trends in the galaxy
star formation histories. This work is supported by the
National Science Foundation under REU grant AST
1063146.
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EFFECTS OF SURFACE ENERGY ON RUBRENE
CRYSTALLIZATION
Christopher Phenicie and Russell Holmes (Advisor)
Department of Physics and Astronomy
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higher likelihood of experiencing lifetime psychotic
symptoms (delusions, hallucinations, mind control, etc.)
than an individual who had never used cannabis (p<0.05).
Because of the complexity, mixed results, and public
health concern associated with this topic, further research
must be done to understand the association between
marijuana use and pre-psychotic symptoms.
References

This project looks at the effect of surface energy on the
crystallization of the organic semiconductor rubrene. The
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molecules in order to change their surface energy. The
surface energy of the resulting functionalized substrate
was determined through water contact angle measurement.
This provided a prediction regarding the activation energy
of crystal growth on each surface relative to the other
surfaces. Then, rubrene was deposited on these surfaces
and thermally annealed under a polarized optical
microscope. The crystal growth rate was fit to the
Arrhenius equation to determine the activation energy.
Preliminary results suggest that a larger surface energy
correlates with a larger activation energy for
crystallization.
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The linkage of marijuana use and pre-psychotic symptoms
has long been questioned. Studies suggest that a link
between marijuana use and psychotic symptoms exists,
specifically in those genetically vulnerable for psychosis
(Cohen et al., 2010). Additionally, some studies suggest
that cannabis use is a “component cause” that interacts
with individual factors to contribute to the presence of
psychotic symptoms (D’Souza et al., 2009). In the present
study, the association between marijuana use and prepsychotic symptoms in a college sample was examined.
The sample, consisting of 188 individuals, was drawn from
a small, private, midwestern university. Participants
completed an online, confidential survey consisting of
questions regarding frequency of drug use, psychotic-like
experiences, and family history of mental illness. Results
suggest that marijuana use was not associated with
schizotypy symptoms, but having a first-degree relative
with a mental illness was associated with greater prepsychotic experiences (p<0.01). To test similar questions
in a large data set, the Collaborative Psychiatric
Epidemiology Survey (CPES), an archival data set of a
nationally representative sample, was used. Results from
this study suggest that an individual who had used
marijuana at some point in his or her life had a 1.5 times

An estimated 1.7 million minor children have a parent
incarcerated in federal or state prison in the United States,
equivalent to a 79% increase between 1991 and 2008. Onethird of children with incarcerated parents will reach the
age of 18 before their parent’s release. With their parents
incarcerated, children must be cared for by other adults
(i.e., caregiver). Very little is known about the influence of
parental incarceration on caregiver relationships. The
purpose of this study was to compare and contrast the
positive and negative feelings of caregivers impacted by
parental incarceration in order to investigate differences in
family feelings dependent upon relationship type (e.g.,
caregiver feelings towards incarcerated parent vs. their
child). The sample consisted of 58 caregivers caring for
children with jailed incarcerated parents in the Midwest.
Caregivers reported more positive feelings toward their
child than toward the incarcerated parent. The findings
suggest that caregivers may need resources to improve
negative feelings toward the incarcerated parent. This
information provides a richer understanding of the
relationship between caregivers and incarcerated parents
and quality of families impacted by parental incarceration.
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Research has demonstrated that some forms of arthritis
are associated with inflammatory biomarkers C-reactive
protein (CRP) and interleukin-6 (IL-6), among others
(Kojima et al., 2009; Liu et al., 2012). Research also
suggests that depression may negatively affect immune
responses (Danner et al., 2002; Toker et al., 2005).
Depression may increase the problematic immune
responses in arthritis patients, yielding increases in
inflammatory biomarkers in the blood (Zautra et al.,
2004). In the current study, we examined a large-scale
epidemiological data set that collected psychological,
health, and biological markers from adults in midlife
(Ryff et al., 2010). Participants were 1,255 adults
participating in a longitudinal study (MIDUS II*). Blood
samples of IL-6 and CRP were collected as well as data
on whether or not participants had experienced
depression and arthritis in their lifetime. Results
suggested main effects of arthritis (p<0.005) and
depression (p=0.01) on IL-6, but no significant
interaction. Specifically, those with arthritis had higher
levels of IL-6 and those with depression had higher levels
of IL-6 than those without. While the data do not
demonstrate an interaction, those with depression and
arthritis had the highest levels of IL-6. Results were
similar for CRP, with a main effect of arthritis and
depression (p’s<0.05), and no interaction. The results of
this study suggest that arthritis and depression are risk
factors for increased inflammation in the body and that
depression and arthritis together may magnify the effects
of increased inflammation (IL-6, and to a lesser degree,
CRP).
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